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PREFACE. 


I 


N  this  work,  which  is  intended  primarily  for  students 

in  every  trade  concerned  in   Building  Construction, 

and  which  has  been  arranged   on  the  basis  of  Notes 


prepared  for  a  Course  of  Lectures  on  the  subject, — the 
Author  has  endeavoured  to  deal,  in  a  concise  and  practical 
manner,  with  all  the  details  of  the  construction  of  a 
building.  He  has  aimed  also  at  giving  such  a  description 
of  the  nature  and  characteristics  of  the  various  Building 
Materials  in  general  use,  as  should  be  sufficient  (with 
other  subjects  dealt  with  in  the  volume)  for  the  purposes 
of  the  examinations  in  Building  Construction  prescribed 
by  the  Science  and  Art  Department,  the  Royal  Institute 
of  British  Architects,  and  the  Surveyors'  Institution, 
respectively. 

Students  who  may  be  preparing  for  the  Elementary 
and  Advanced  Examinations  of  the  Science  and  Art 
Department  (see  Appendix,  pp.  421  to  424)  will  be  able, 
by  following  the  abstract  of  the  requirements  of  their 
several  stages,  to  omit,  in  their  reading,  those  portions 
of  the  work  with  which  their  particular  class  is  not  con- 
cerned; while  Honours  students,  and  those  preparing 
for    the    Examinations    of    the    Royal    Institute    or    the 


f  Surveyors'  Institution,  will  find  that  the  work  covers 
f  the  ground  sketched  by  the  Syllabus  of  each  of  those 
bodies. 

While  the  courses  prescribed  by  the  several  authorities 
referred  to  above  are  those  which  the  Author  has  had 
specially  in  mind,  it  need  hardly  be  pointed  out  that  the 
materials  here  provided  will  be  available  for  preparation 
for  other  examinations  covering  similar  ground,  as  well 
as  for  students  not  seeking  certificates  ;  the  Author's  aim 
having  been  to  provide  what  he  believes  is  not  to  be 
found  elsewhere  in  a  form  at  once  so  complete  and  so 
compact — namely,  a  Handbook  of  Practical  Building 
Construction,  which  should  be  found  useful  by  all  who 
seek  proficiency  in  the  rudiments  of  the  Building  Arts. 

It  is  believed,  also,  that  the  work  will  be  found  of 
material  service  as  a  Book  of  Reference  by  both  Operative 
and  Master  Builders,  as  well  as  by  Houseowners  and 
Estate  Agents,  Surveyors  and  Architects,  and  others 
whose  interests  are  to  be  promoted  by  acquaintance 
with  its  subject. 

It  should  be  mentioned  that  the  numerous  diagrams 
and  other  illustrations,  about  one  thousand  in  number, 
have  been  specially  drawn  and  engraved  for  this  work. 

The  Author  takes  this  opportunity  of  tendering  his 
thanks  to  those  personal  friends  and  other  gendemen — 
specialists  in  their  several  departments- — ^who  have  so 
kindly  assisted  him  with  their  suggestions  in  relation  to 
one  or  other  portions  of  this  work. 


Newcastxe-on  -Tv  ne, 
September  1893. 


A 


PUBLISHERS'     NOTE     TO    SECOND 

EDITION. 


T  N  issuing  the  present  edition,  the  opportunity  has  been 
-■■  taken  by  the  Author  of  carefully  revising  the  work 
throughout,  and  of  inserting  a  few  additional  illustrations, 
with  the  necessary  explanatory  text.  A  few  of  the 
original  illustrations  have  also  been  re-drawn,  with  a 
view  to  greater  effectiveness.  Subject  to  these  several 
improvements,  the  work  is  again  issued,  without  abridg- 
ment, substantially  in  the  form  in  which  it  has  already 
attained  to  such  extended  popularity  as  the  **  best  and 
most  complete  text-book  on  Building  Construction." 


September  1897. 
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CHAPTER    I. 

BRICKS   AND    THEIR    COMPOSITION. 

Bricks  as  Building  Material — Brick-earth  and  its  Constituents — Varieties  of  Brick-earth — 
ManufiEicture  of  Bricks — Varieties  of  Bricks— Purpose-made  Bricks. 

Bricks  as  Building  MateriaL-^Bricks,  the  chief  material  of  the 
bricklayer,  are  hard  rectangular  blocks,  of  an  originally  clayey  substance, 
which  has  been  tempered  and  moulded  into  the  shapes  required,  and  then 
burnt  in  a  clamp  or  kiln  until  it  is  quite  hard. 

Bricks  are  an  ancient  building  material,  having  been  made  and  used  by 
the  Romans  for  arches,  facings,  pavings,  etc.  Though  they  were,  at  that 
period,  of  larger  and  smaller  sizes  than  those  used  generally  in  the  present 
day,  they  were  always  made  with  half-bricks  or  double  bricks— double 
their  width  in  length — to  allow  of  bond,  as  will  hereinafter  be  explained. 
They  thus  varied  in  length  from  7  J  to  22  inches,  and  were  generally  very 
thin  (about  i|  inch),  the  smaller  sizes  being  used  for  facing  rubble  walls, 
and  the  larger  sizes  for  bonding  every  fourth  course  or  thereabouts.  The 
latter  were  also  used  for  arches. 

In  more  modem  times  bricks  have  been  used  for  walling,  facing,  arches, 
and  paving ;  and  generally  their  dimensions  are  now  about  9  inches  long 
by  4i  inches  (or  half  their  length)  in  breadth,  so  that  two  laid  crosswise 
will  cover  two  laid  lengthwise.  They  are  made  from  2^  to  31  inches  in 
height,  according  to  local  custom  or  the  requirements  of  construction. 

They  are  of  numerous  different  qualities,  kinds,  and  colours,  each  from 
its  peculiar  nature  adapted  to  a  particular  purpose  or  use.  A  concise 
classification  of  the  various  kinds,  their  peculiarities,  qualities,  and  uses, 
wiU  be  given  hereinafter. 

It  is  to  be  noted  that  the  quality  of  a  brick  depends  on  the  clay  from 
which  it  is  made,  and  on  the  different  manipulation  which  the  clay  will 
allow  of  in  its  manufacture. 
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Briok'sarth  and  its  ConBtitnentB.— A  good  brick-earth  or  clay,  I 
such  as  is  used  for  common  red  bricks,  is  generally  composed  of  silica 
and  alumina,  accompanied  by  a  slight  percentage  of  lime  or  other  flux 
(to  fuse  the  two  into  a  hard  mass),  and  a  stiil  smaller  percentage  o/ 
oxide  of  iron,  manganese,  magi  ?sia,  or  an  alkali  to  give  it  its  colour. 
The  properties  of  the  different  constituents  of  clay  are  as  follows  : — 

Silka,  the  greatest  in  bulk,  is  practically  sand :  that  is,  in  an  uncom- 
bined  state,  it  is  infusible,  whether  alone  or  with  alumina,  without  a  small 
quantity  of  flux  in  the  form  of  lime  or  oxide  of  iron;  and  it  acts  as  a 
preventative  to  cracking,  shrinking,  or  warping.  Up  to  a  certain  proportion 
the  more  silica  there  is  the  better  the  shape  and  more  even  the  texture 
of  the  resulting  brick.  An  excess  of  silica  (or  sand)  renders  a  brick  too 
brittle.  The  silica  should  be  in  chemical  combination  with  the  alumina,  as 
opposed  to  a  mere  mechanical  admixture. 

Alumina  is  the  principal  and  most  important  constituent  of  a  good 
clay,  as  it  imparts  the  plastic  qualities,  though  it  shrinks,  cracks,  and 
warps  very  considerably  under  the  influence  of  heat,  which  renders  it 
very  hard. 

Lime  may  be  called  a  flux,  though  its  presence  in  the  bulk  has  a  double 
eflfect :  it  both  diminishes  the  contraction  in  the  process  of  drying  the  raw 
material,  and  it  blends  the  silica  and  alumina  together  in  the  burning^ 
This  carbonate  of  lime  must  be  present  m  very  small  quantities,  commi- 
nuted and  equally  distributed  throughout  the  mass ;  for  if  it  exists  in 
lumps  it  will  be  slaked  by  moisture,  and  cause  the  disintegration  of  the 
brick,  whether  laid  or  not  in  the  finished  work. 

Iron  is  also  a  flux,  when  in  the  form  of  an  oxide,  and  in  the  presence 
of  nearly  equal  quantities  of  silica  and  alumina.  It  is  the  colouring  matter 
of  most  kinds  of  bricks,  the  intensity  of  the  colour  (from  a  light  yellow  to 
a  dark  red)  being  in  proportion  to  the  quantity  of  iron  oxide  present. 
With  8  or  lo  per  cent  of  oxide  of  iron,  the  colour  is  a  dark  blue  or  purple, 
and  the  addition  of  a  small  proportion  of  mangantse  gives  almost  a  black 
colour  to  the  brick  ;  and  with  lime  the  two  impart  a  cream  colour,  the  one 
darkening  and  the  other  lightening  the  shade.  Afagnesia  and  iron  oxide 
make  a  yellow  brick.  The  presence  of  alkalies  is  generally  a  source  of 
trouble,  as  they  act  too  strongly  as  a  flux  when  in  any  quantity,  though  that 
may  be  only  a  small  percentage.  They  melt  the  clay,  as  it  were,  and  render 
the  resulting  brick  unsym metrical,  while  giving  it  a  greenish-blue  tint. 

A  pjod  brick-earth  contains  silica  and  alumina  in  due  proportions, 
together  with  such  a  percentage  of  a  flux  (in  whatever  form)  as  will  fuse 
the  silica  and  alumina  without  nmning  the  bricks  together  and  rendering 
them  vitrified. 

Varieties  of  Brick-earth. — There  are  three  diflTerent  kinds  of  brick- 
earth,  as  follows: — 


A 


BRICKS.  3 

I.  Pure  clay,  also  called  Plastic  or  Strong  clay ,  which  contains  silica  and 
alumina,  with  such  a  small  proportion  of  lime,  iron  oxide,  or  other  flux  that 
the  brickmaker  calls  it  *'  foul  clay/'  as  it  is  of  very  little  use  by  itself,  a  soft, 
iincombined  brick  being  the  result  of  what  little  burning  the  clay  will  stand. 
The  addition  of  more  lime  or  other  flux  improves  the  clay  greatly  for 
hrick-making  purposes. 

3.  Sandy^  Mild,  or  Loamy  clays  are  so  loose  that  they  are  useless  for 
the  manufacture  of  bricks  unless  a  flux  is  added  in  sufficient  quantity  to 
make  the  fusion  perfect. 

3.  Marls  or  Limy  clays  are  the  best  of  all,  as  they  contain  the  necessary 
constituents  in  the  first  instance,  without  further  addition,  except  to  regulate 
the  burning. 

An  artificial  brick-making  clay  of  this  quality,  called  malm^  can  be 
•obtained  by  washing  the  clay  and  mixing  it  with  the  necessary  lime  in 
a  mill. 

Having  dealt  with  the  qualities  and  peculiarities  of  the  different 
<clays  and  their  constituents,  a  short  risumt  of  the  process  used  in  the 
preparation  of  the  clay  and  manufacture  of  the  h*:Icks  may  with  ad- 
vantage be  given  before  proceeding  to  a  detailed  classification  of  the 
.different  kinds  of  bricks  and  their  characteristics. 

MannflEustare  of  Bricks. — After  the  removal  of  the  turf  and  surface- 
soil,  which  is  called  encallowing^  the  clay  is  dug  out,  in  the  autumn,  and 
placed  in  heaps  or  places  called  kerfsy  and  there  the  different  kinds  are 
mixed  together  and  other  ingredients  added,  as  the  nature  of  the  clay 
requires,  for  the  production  of  a  first-class  article.  Of  course,  all  stones 
and  other  imsuitable  substances  are  picked  out,  and  sometimes,  when 
the  clay  is  hard  or  uneven,  it  is  ground  in  a  mill  to  a  finer  admixture. 

This  done,  the  clay  remains  in  these  heaps  or  kerfs  during  the 
printer;  and,  about  the  end  of  March,  the  winter's  seasoning  having 
reduced  its  liability  to  warp,  the  clay  is  turned  over,  trodden  under 
foot,  or  ground  in  a  mill,  which  tempers  the  clay  and  renders  it  ready 
lot  conversion  into  bricks. 

Malmy  the  washed  and  artificial  brick-making  earth,  is  likewise 
made  in  the  autumn  by  mixing  the  newly  dug  clay  with  a  proportion 
of  chalk,  to  make  up  the  deficiency  in  the  natural  constituents.  This  is 
done  in  a  mill,  and  as  soon  as  the  mixture  becomes  of  a  creamy  nature, 
it  is  run  through  large  sieves  into  what  are  called  backs,  large  tanks 
in  which  the  substance  becomes  hardened,  after  which  a  layer  of  fine 
screened  ashes  is  sandwiched  between  two  layers  of  malm,  and  in  this 
condition  the  mass  remains  during  the  winter  to  mellow. 

The  clay  or  malm  being  thoroughly  ripe,  it  is  ready  to  be  made 
into  bricks,  which  can  be  done  by  machinery  or  by  hand,  the  latter 
snaking  the  better  bricks. 
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Matkimmade  Bricks. — Machtne-made  bricks  are  of  two  kinds,  dry 
or  plastic ;  in  the  latter  case  the  clay,  when  still  in  a  soft,  sticky 
condition,  is  forced  by  pressure  through  a  rectangular  channel  of  in- 
definite length  but  the  width  of  a  brick  lengthwise  and  the  height  of 
a  brick  on  edge  (that  is,  about  lo  in,  x  5  in.)  on  to  a  smooth  greased 
iron  platform.  When  sufficient  has  descended  on  to  the  platform, 
the  supply  through  the  channel  is  cut  off,  and  what  remains,  being 
10  in.  X  5  in.  and  of  indefinite  length,  is  cut  by  knives  or  wires,  in  a  frame 
worked  by  machinery,  into  the  height  of  the  brick  required — whether 
it  be  3\  in.  or  3  in, 

This,  in  the  course  of  a  few  seconds,  cuts  a  definite  number  of 
bricks  out  of  the  clay,  and  these  are  carried  away  to  a  shed  or  out 
into  the  sun  to  dry  gradually. 

Machine-made  bricks  can  also  be  formed  from  clay  which  has  beet* 
dried  and  ground  to  a  powder,  which  is  put  into  a  mould  (as  explained 
hereinafter  in  treating  of  hand-made  bricks)  and  subjected  to  great 
pressure,  so  that  a  consolidated  mass  is  formed  of  very  even  surfaces. 
The  resulting  brick,  being  already  dry,  is  ready  to  be  burnt  in  the  kiln. 

Hand-made  Bricks. — Hand-made  bricks  are  of  two  kinds,  slop  or 
jiinrf-moulded ;  the  difference  being  that,  for  the  former,  the  mould 
(which  is  made  a  little  larger  than  the  ultimate  size  of  the  brick 
required,  so  as  to  allow  for  shrinkage  as  the  clay  or  malm  dries)  is 
dipped  into  water,  to  prevent  the  clay  from  adhering  to  its  sides ; 
whereas  for  the  latter  the  same  end  is  attained  by  sprinkling  the  inside 
of  the  mould  with  sand,  fine  ashes,  or  a  specially  ground  powder. 

5a«i/-moulded  bricks  ate  considered  to  be  cleaner,  more  sharp, 
regular,  and  perfect  in  shape  than  j/i^Z-mouIded  bricks.  In  both 
cases  alike,  the  day  or  malm  is  pressed  by  hand  into  the  mould  on 
a  flat  and  smooth  table,  and  the  superfluous  clay  is  cut  off  by  a 
straight  edge. 

The  rectangular  block  of  clay  is  then  turned  out  of  the  mould 
and  taken  to  the  shed  to  dry,  exactly  as  with  the  machine-made  bricks. 

In  some  cases  a  frog  or  indent  is  formed  on  the  Ijed  of  a  brick, 
either  hand-made  or  made  by  machine ;  or  the  brick  may  be  made 
by  hand  and  afterwards  machine -pressed  to  give  it  a  closer  body 
and  finer  finish. 

This  frog  or  kick,  as  it  is  called,  is  made  by  a  projection  on 
the  stock  board,  over  which  the  mould  is  placed  and  fitted  to  form 
a  bottom  before  the  clay  is  pressed  home  within  the  mould  to  form 
the  brick  ;  or  in  the  case  of  machine -pressed  bricks,  projections  are- 
left  on  the  top  and  Iwttom  plates  of  the  pressing  box. 

Drying.— 'Y\ic  soft,  half-dry  bricks  are  then  dried  gradually,  in  the 
sun    or    under    sheds,  being    scintled,    that    is,    stacked    diagonally,    so 
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that  the  air  can  have  free  access  all  round  them.  When  they  are 
dried  out  of  doors,  they  are  placed  on  hacks ,  these  are  long  narrow 
banks,  raised  above  the  ground  which  is  covered  with  dry  material, 
such  as  ashes  or  brick  rubbish,  to  reduce  the  moisture  to  a  minimum 
and  to  facilitate  the  drying  process. 

Burning. — When  the  raw  bricks  are  sufficiently  dry  they  are  wheeled 
into  the  kilns  or  clamps  and  stacked  in  layers,  sometimes  diagonally, 
to  allow  of  a  perfect  circulation  of  the  heat  from  a  bottom  of  burnt 
bricks,  covered  with  six  inches  of  breeze,  channels,  filled  with  faggots, 
being  left  across  the  bottom  to  draw  the  heat.  This  done,  and  the 
clamps  covered  up  or  the  ends  of  kilns  blocked,  the  fire  is  lighted 
and  kept  burning  for  a  period  of  from  two  to  six  weeks,  after  which 
they  are  allowed  to  cool,  and  the  brick  is  then  ready  and  fit  for  the 
builder. 

Clamp-made  bricks  should  always  have  a  certain  amount  of  ashes 
or  breeze  incorporated  in  them  in  the  mixing,  so  that  they  may  take 
the  fire  better  and  burn  more  readily. 

Clamps  are  chiefly  used  in  country  brickyards,  and  for  temporary 
purposes ;  they  consist  of  walls,  built  of  dried  raw  bricks,  smeared  with 
clay  to  hold  the  heat,  and  encircling  a  honeycomb  of  fiues,  on  which  the 
bricks  to  be  burnt  are  stacked,  on  layers  of  breeze,  laid  over  the  flues,  in 
such  a  way  as  to  leave  each  brick  as  far  as  possible  exposed  on  all  sides 
to  the  heat  during  the  process  of  burning ;  and  they  are  then  covered 
over  by  a  few  courses  of  burnt  bricks,  after  which  the  fires  are  lighted, 
when  the  whole  mass,  connected  by  the  flues,  commences  to  burn 
gradually. 

Kilns, — Kilns  are  more  permanent  structures,  and  may  be  either 
circular  or  rectangular  in  plan,  the  former  being  the  better  of  the  two ; 
but  a  detailed  description  of  them  is  beyond  the  province  of  these 
notes.     Glazed  bricks  are  burnt  in  domed  kilns. 

Defects,- — As  soon  as  the  bricks  are  cool  they  are  fit  for  use,  though 
they  require  some  selection ;  those  near  the  flues  being  over-burnt  and 
run  together,  called  burrs  ]  and  those  near  the  outside  being  soft 
and  more  or  less  imperfectly  burnt,  called  place  bricks,  grizzles,  or 
samels. 

Chuffs  are  bricks  on  which  rain  has  fallen  while  they  are  hot,  making 
them  full  of  cracks,  and  otherwise  wholly  defective. 

Sound  Bricks, — A  sound,  good  brick  should  be  hard,  well-burnt,  square, 
and  regular  in  shape,  with  clean  sharp  arrises.  It  should  give  a  clear  ring 
when  struck  ;  be  free  from  lumps  of  lime  and  other  impurities,  and  as  non- 
absorbent  as  possible. 

Varieties  of  Bricks.— The  chief  kinds  of  bricks  at  present  in  the 
market,  and  their  characteristics,  are  as  follows  : — 
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^M         Gaul 
^^r   form  of  C 
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Gaulls  are  bricks  made  from  a  natural  clay  with  sufficient  lime  in  the 
form  of  chalk  to  act  as  a  flux.  They  are  made  in  the  southern  and  eastern 
counties,  and  are  very  hard,  heav>',  and  durable,  of  the  first  quality,  suit- 
able for  best  facings,  and  usually  of  a  white  colour,  though  the  inferior 
bricks  have  a  slight  pinky  tinge.  The  Cambridge  common  white  bricka 
have  a  proportion  of  pinky  ones,  the  mixture  being  classified  as 
Mi^Us. 

Malms,  as  the  name  implies,  are  made  from  a  marl  or  chalky  mixture, 
and  principally  used  for  facings  and  other  best  work.  Suffolk  bricks  are 
of  a  simitar  quality,  and  mostly  of  a  light  colour. 

Common  firebricks  are  made  from  a  refractory  clay  containing  almost 
pure  alumina  and  silica  in  the  proportion  of  one  part  of  the  former  to  three 
parts  of  the  latter  ;  they  are  generally  of  a  whitish  yellow  or  light  brown 
colour,  and  rather  porous.  They  should  be  uniform  in  texture,  and  of 
course  free  from  lime  and  iron,  They  are  made  chiefly  in  Shropshire, 
Staffordshire,  and  near  Leeds,  Newcastle,  and  Stourbridge.  They  are 
used  for  lining  blast  furnaces,  setting  grates  and  boilers,  and  casing  (ire- 
resisting  flues  and  furnaces,  and  in  fact  in  any  position  where  brickwork  is 
exposed  to  the  action  of  fire. 

Dinas  firebricks  are  made  in  Glamorganshire  from  sand,  i.e.,  pure 
silica,  which  is  mixed  with  i  per  cent,  of  hme  and  a  little  water,  and 
pressed  together  by  machinery  before  burning.  They  are  the  best  fire- 
bricks in  existence,  of  a  porous  nature,  and  they  will  expand  and  withstand 
an  enormous  heat 

Ganisler  bricks  are  made  from  a  hard  fireclay  marl  found  in  the  coal 
measures,  which  is  ground  and  pugged  and  moulded  in  the  ordinary'  way. 
They  are  closer  in  grain,  and  superior  to  firebricks  for  furnaces,  etc. 
Guismuyda  firebricks  are  similar  to  the  Uinas  bricks. 
Lee  Moor  firebricks  are  made  near  Plymouth,  from  the  refuse  of  china 
and  clay,  and  are  very  hard,  compact,  and  of  a  dull  red  colour. 

Thoiiipsan's  are  light,  strong,  fireproof  bricks,  lately  introduced  from 
Cheshire ;  they  are  of  a  common  red  colour,  and  extraordinarily  light  in 
weight 

Glazed  bricks  are  made  extensively  in  the  south-west  of  Scotland,  in 
Wales,  Warwickshire,  Yorkshire,  Northumberland,  and  Durham,  from  the 
best  qualities  of  fire-clay,  which  is  generally  ground  much  finer  than  for 
firebricks.  Glazed  bricks  are  made  by  hand  and  machinery  (the  latter 
chiefly),  and  all,  when  sufficiently  dry,  are  pressed  and  as  fine  a  skin  put 
on  them  as  possible ;  after  which  the  glaze,  of  whatever  tint  required, 
is  put  on  by  either  of  two  methods,  called  respectively  the  dry  and  wet 
dip.  or  these  two  methods  the  former  is  the  belter,  because  the  previous 
drying  (as  hereinafter  explained)  prevents  any  further  contraction. 

The  dry  dip  consists  of  dipping  the  bricks  in  the  glaze  after  they  have- 
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been  once  burnt  in  the  kiln ;  whereas,  in  the  *'  wet  dip  "  process,  the  glaze 
is  applied  to  the  wet,  undried,  or  unbumt  bricks.  After  they  have  been 
dipped  each  process  is  completed  by  burning  the  bricks  at  a  very  high 
temperature.  Glazed  bricks  are  generally  one-eighth  of  an  inch  higher 
than  the  ordinary  kinds,  so  as  to  reduce  the  mortar  joint ;  and  they  may 
be  either  glazed  at  one  end  or  one  side  only,  or  at  both  ends,  both  sides, 
or  on  end  and  side  as  required. 

Fareham  and  Woodville  red  bricks  are  of  a  close,  sandy  nature ;  or 
they  can  be  made  smooth,  coming  from  a  moderately  plastic  clay.  Their 
deep  red,  even  colour,  and  good  surface,  render  them  most  suitable  for 
facings.    . 

Staffordshire  or  Nuneaton  blue  and  black  bricks  are  very  hard,  well- 
burnt  and  close,  non-absorbent,  and  will  resist  enormous  weights  and 
pressure.  They  are  used  for  damp  courses,  pavings,  weatherings,  piers, 
dressings,  and  positions  requiring  great  compressive  strength,  and  for  damp 
situations.  They  are  made  from  a  clay  containing  about  lo  per  cent,  of 
oidde  of  iron,  which  gives  them  their  colour.  The  clay  is  also  made  into 
copings,  channels,  and  many  other  specialities. 

Black  brickSy  made  in  Berkshire,  have  no  uniformity  in  colour,  but  are 
hard,  close,  and  sandy  in  texture,  and  make  a  good  mottled  front,  their 
ends  being  alternately  black,  blue,  and  a  glazed  yellow  or  white :  so 
much  so  that  they  give  the  appearance  of  being  daubed  irregularly  with 
soot  before  being  burnt. 

Rubber  bricks  are  of  a  soft,  sandy  nature,  of  fine,  rich,  red  colour,  and 
capable  of  being  cut,  carved,  or  rubbed  into  any  shape  or  form.  They  are 
made  near  Birmingham  and  Bracknell,  and  should  be  compact,  of  uniform 
colour,  texture,  and  hardness,  so  that  they  cannot  be  scored  with  a  knife, 
even  in  the  centre ;  while  they  should  rub  well.  They  are  generally  made 
slightly  larger  than  ordinary  bricks,  to  allow  for  the  rubbing  down. 

Dutch  or  adamantine  clinkers  are  small,  cream-coloured,  and  very  hard 
bricks,  vitrified  throughout,  and  used  chiefly  for  paving ;  and,  if  anything, 
the  Adamantine  is  the  better  brick  of  the  two  for  the  purposes  required. 
They  are  grooved  or  chamfered,  to  give  a  firmer  foothold  for  horses,  etc., 
in  pavings. 

Candy's  bricks  are  of  a  similar  character,  though  perhaps  harder  and  yet 
more  brittle,  and  they  are  supposed  to  **  wear  rougher."  They  are  of  a 
lighter  colour,  of  a  more  watery  appearance,  and  suitable  for  the  same 
purposes  as  the  clinkers. 

Concrete  and  breeze  bricks  are  made  of  cement  and  gravel  or  breeze, 
and  used  for  fixing  purposes.  They  are  supposed  to  be  fireproof,  and  yet 
suitable  and  easy  for  use  with  woodwork  to  be  attached  thereto. 

Dust  bricks  are  blue  bricks,  which  have  been  made  in  moulds  sprinkled 
with  dust  instead  of  sand. 
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^H      Pressed  bricks  are  those  made  by  machinery  under  pressure,  and 
^^^jyressed  bricks  have   had  their  sides  and  beds  beaten  with  a  "  dresser," 
which  gives  them  a  belter  arris  and  more  even  face. 

Of  course,  it  will  be  understood  that  most  of  the  above  kinds  of  bricks 
can  be  moulded  (before  being  burnt)  into  any  shape,  form,  or  size,  to  suit 
requirements. 

Pui^ose-made  Bricks  are  of  innumerable  kinds,  and  made  in  various 
clays.     The  chief  kinds  are  enumerated  below,  though  it  must  be  under- 


stood  that  this  list  is  not,  and  cannot  be  made,  exhaustive  ;  special  circum- 
stances requiring  special  bricks,  which  should  be  ordered  early,  before  the 
operations  of  building  are  commenced,  so  that  no  delay  may  be  caused 

e  they  are  being  made,  as  their  manufacture  occupies  a  considerable 
lime  in  some  cases. 

Bullnoses  are  bricks  with  rounded  angles.  On  the  accompanying  plate 
(showing  special-purpose-made  bricks)  fig.  i  represents  a  bullnosed  angle 
to  a  aj-inch  radius ;  fig.  a  a  double  bullnosed  angle  to  a  zj-inch  radius; 
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fig.  3  a  bullnosed  angle  to  a  4 j-inch  radius ;  fig.  4  a  double  bullnosed 
angle  to  a  4J-inch  radius. 

Cants  are  jamb-bricks  with  an  angle  cut,  as  shown  in  fig.  5 ;  fig.  6 
being  a  double  cant. 

Birdsmouths  are  for  internal  angles  other  than  right  angles  ;  fig,  7 
representing  a  stretcher  and  fig.  8  a  header.  The  converse,  as  shown  in 
fig.  9,  is  called  a  squint,  and  is  used  for  external  angles. 


Jamb-b*icks  of  another  kind  are  represented  by  figs.  lo  and  1 1 ;  while 
fig.  13  illustrates  a  string  brick,  and  figs.  13  and  14  stretcher  and 
heaAsT  plinths. 


Of  the  one-centred  arch  brick,  figs.  15  and  16  show  respectively 
a  header  and  a  stretcher,  and  fig.  17  a  compass  brick,  fig.  iS  representing 
a  circular  brick. 
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Camber  arch-bricks  are  shown  by  fig.  19,  and  elliptical  arch-bricks 
by  fig.  30. 


External  rounded  angles  are  represented  by  fig.  11,  and  internal  ditto 
by  fig.  23 ;  while  square  angles,  both  internal  and  external,  are  depicted 
by  fig.  23. 
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Of  moulded  bricks,  quoins  are  illustrated  by  fig.  24;  moulded  bull- 
noses  by  fig.  25  ;  moulded  squints  by  fig.  26;  moulded  cants  by  fig.  27  ;. 
external  angles  by  fig.  c8,  and  internal  angles  by  fig.  29. 
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Soaps  are  bricks  9  inches  long,  2|  inches  only  in  breadth,  and  3  inches 
high ;  while  splits  are  9  inches  long,  4 J  inches  broad,  but  only  about 
i^-inch  high  (or  thick). 

Stocks  are  the  sound  marketable  clamp  burnt  London  bricks  when  the 
*'  place  bricks  "  have  been  removed  and  the  "  picked  "  stocks  selected  for 
superior  purposes — the  "stock"  is  the  medium  quality — and  they  are 
mostly  burnt  in  clamps,  having  a  quantity  of  ash  refuse  and  breeze  incor- 
porated in  them,  so  that  very  little  fuel  is  required  to  burn  them. 

Brindled  bricks  are  inferior  common  blue  bricks,  of  a  browny  blue 
colour,  very  hard  and  durable,  and  suitable  for  engineering  purposes.  It 
should  be  noted  that  good  blue  bricks  are  made  out  of  a  hard  blue  or 
purple  marl,  which  is  ground  to  a  powder  and  pugged  into  a  plastic  state 
ready  for  moulding.  The  best  and  soundest  bricks  are  excellent  for  all 
damp  situations,  some  being  specially  annealed  for  use  in  storage  tanks  for 
chemical  gases,  etc.,  and  all  true  blue  bricks  should  be  close,  hard,  and 
absolutely  non -absorbent,  though  not  necessarily  blue  all  the  way  through. 
Sometimes  dust  bricks  are  made  by  the  dry  process  similar  to  tiles. 


CHAPTER    II. 
BRICK    BOND    AKD    ITS    APPLICATIONS. 

Btickwork  defined— BonJ  in  Brickwork — Slruclures  of  Btkkwork— -DilTereTil  Kinds  of 
Bond— Application  uf  the  Various  Bonds. 

Brickwork  strictly  speaking  is  understood  by  the  trade  to  mean  work 
executed  with  standard-sized  bricks,  i.e.,  9  inches  long,  4^  inches  wide, 
and  from  2^  to  3^  indies  high,  and  any  larger-sized  materials  used  are 
considered  out  of  the  province  of  the  bricklayer. 

Bond  in  Brickwork. — The  principal  point  which  the  bricklayer  must 
always  have  in  view  in  his  work,  beyond  good  workmanship,  with  the  good 
materials  given  to  him,  is  to  have  one  pervading  bond  throughout  each 
separate  piece  of  work,  so  that  the  many  bricks  used  will  form  one  con- 
tinuous unbroken  mass  from  every  point  of  view.  By  this  word  liand 
— which  is  the  very  essence  of  sound  work — is  meant  the  arrangement  of 
the  bricks  in  such  positions  beside  and  above  each  other,  that  no  single 
vertical  joint  between  any  two  bricks  is  immediately  in  line  and  above  that 
between  two  others ;  that  is  to  say,  the  bricks  must  always  break  joint  on  the 
solid  surface  of  a  brick  beneath, 

A  straight  vertical  joint  between  two  bricks  exactly  over  a  similar  joint 
of  the  course  below  is  exceedingly  bad  construction,  and  an  unsound,  weak 
piece  of  work,  which  should  never  be  overlooked.  Moreover,  in  good  bond 
the  bricks  should  /'trak  joint  vertically  both  in  the  length  and  thickness  of 
the  wall,  so  as  to  bind  the  several  bricks  forming  the  mass  into  one  solid 
piece  of  work,  and  fairly  to  distribute  ihe  superincumbent  weight. 

Fig.  30  illustrates  this  principle  of  breaking  joint,  and  also  its  object 
and  effect  in  distributing  the  load,  as  the  dotted  lines  show  how  it  is 
carried  from  one  brick  on  to  the  centres  of  the  bricks  below. 
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Fig.  31  shows  a  piece  of  walling  with  no  bond^  or  breaking  joints  and 
fig.  32  the  effect  a  heavy  load  would  have  on  an  unsound  foundation ; 
the  bricks  immediately  underneath  the  weight  would  sink  down,  and  leave 
those  adjacent  to  them,  on  each  side,  in  their  original  position.  The  same 
applies  to  the  thickness  of  the  wall  as  well  as  to  its  length,  as  shown  in 
^- 11^  34i  and  35,  on  the  same  principle. 


[ 


Having  shown  the  necessity  for  such  a  principle,  to  break  joints  and 
effect  a  bond  both  lengthwise  and  crosswise,  it  will  be  convenient,  before 
proceeding,  to  explain  the  modes  of  carrying  out  that  principle :  first,  to 
note  that  all  longitudinal  joints,  or  the  beds  of  the  bricks,  ipust  be  perfectly 
horizontal,  so  that  the  vertical  joints  can  be  made  perfectly  perpendicular 
wiAout  unnecessary  trouble,  inasmuch  as  all  bricks  are,  or  should  be,  made 
rectangular  in  form  on  all  sides. 
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/7y.33.  rig.34.  n^.35  Fig.36.  FiCf.SZ. 

The  standard  size  of  a  bnck  being  9  inches  long,  4^  inches  wide,  and 

3  inches  deep,  the  brick  is  twice  as  long  as  it  is  broad.  The  necessity  of 
this  proportion  is  illustrated  by  the  vertical  transverse  section  of  a  9-inch 
wall,  properly  bonded,  as  shown  in  fig.  36 ;  from  which  it  will  be  obvious 
that  the  front  and  back  surfaces  of  this  wall  would  be  uneven — i.e.,  in  and 
out  each  alternate  course — if  the  two  small  sections  were  not  the  exact 
equivalent,  in  form  and  dimensions,  of  the  one  long  one.  Fig.  37  shows 
the  result  of  such  a  defect.  Of  course,  a  little  must  be  allowed  for  the 
mortar  joint ;  and  for  this  purpose  the  width  of  a  brick  is  always  barely 

4  j  inches — say,  generally  about  4I  inches — thus  leaving  a  quarter  of  an 
inch  joint  in  9  inches,  which  should  scarcely  ever  be  exceeded. 

From  these  illustrations  it  will  be  obvious  that,  with  the  use  of  bricks  of 
one  standard  and  regular  size,  the  bond  must  be  obtained  by  laying  the 
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tbricks  in  different  directions — one  course  transversely   with  two  others 
(longitudinally  side  by  side,  and  so  on. 

A  brick  which  measures,  when  laid,  9  inches  long  and  3  inches  high 
•on  the  face  or  back  of  a  wall,  is  called  a  stretcher ',  and  one  which  shows 
4l|  inches  long  and  3  inches  high  is  called  a  header-^  and  consequently 
a  whole  horizontal  course  of  stretchers  only  is  called  a  stretching  course^ 
.and  one  of  headers  alone  a  heading  course. 
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The  thickness  of  a  brick  wall  is  either  defined  by  inches  or  by  the 
number  of  header  hncVs)  a  9-inch  wall  being  described  as  a  i -brick  wall, 
a  14-inch  as  a  i|J-brick,  an  18-inch  as  a  2-brick  wall,  etc. 

Now,  we  know  that  when  stretchers  are  laid  in  every  course,  we  have  a 
bond  in  which  the  bricks  of  every  course  break  joint  over  the  centre  of  the 
bricks  below,  as  shown  on  fig.  30.  But  if  you  use  one  course  of  headers  and 
one  of  stretchers  on  the  face  of  the  work,  the  bricks  only  break  joint  properly 
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at  every  other  joint — />.,  one  joint  in  two,  as  shown  in  fig.  38  ;  whereas,  by 
alternating  the  headers  and  stretchers  in  every  course,  though  the  same  defect 
has  to  be  contended  with,  it  is  in  lesser  degree,  viz.,  only  in  the  proportion 
of  one  unbroken  joint  in  three,  as  shown  in  fig.  39,  instead  of  one  in  two, 
as  fig.  38.  To  remedy  this,  recourse  has  to  be  had  to  the  use  of  ^-bricks, 
called  closerSy  which  are  placed  at  the  angles  or  plumbings^  the  only 
places  where  they  are  legitimate  and  allowed  in  good  brickwork.  This 
gives  a  three-quarter  bond^  which  means  that  the  joint  is  broken  either 
in  the  centre  of  a  header  or  on  the  first  or  third  quarter  of  the  stretcher,  as 
shown  on  fig.  40. 

While  dealing  with  closers  it  will  be  well  to  point  out  that  there  are 
three  kinds  of  closers,  as  follows : — 

Queen  closers,  or  through  quarters,  as  fig.  41,  an  ordinary  closer  being 
.shown  on  fig.  42. 
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closers  are  cut  to  shape,  as  fig.  43,  showing  2|-inch  face,  and, 
with  4^inch  at  back,  9  inches  inwards. 

Bais  may  be  either  },  ^,  or  |  bats,  according  to  the  proportion  they 
bear  to  the  size  of  a  whole  brick. 
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Having  got  all  our  materials,  and  their  several  sizes,  positions,  and 
'duties  assigned,  it  will  be  as  well  to  emphasise  a  few  points  and  rules  which 
must  be  adhered  to  in  all  kinds  of  bond  before  giving  a  description  of  the 
varieties  of  bond. 

Stractore  of  Brickwork. — ^The  cardinal  points  of  brickwork,  to  be 
attended  to  under  all  circumstances,  are : — 

I.  To  place  a  cJoser  next  to  the  first  header  in  each  alternate  course 
where  there  is  a  plumbing — />.,  after  the  header,  at  each  and  every 
angle  where  a  bricklayer  has  to  use  his  plumb-rule  to  mark  the  upright 
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line  correctly  perpendicular,  whether  it  be  at  an  angle  of  the  building, 
^dow  or  door  jamb,  projection  or  recess.  There  can  be  no  exception, 
lie  student  must  also  note  that  the  brickwork  in  each  course  is  started 
d(  both  ends,  that  is,  at  each  plumbing,  and  worked  towards  the  centre 
between  the  two  plumbings.  Therefore  any  odd-sized  bricks,  to  make  up 
pven  lengths,  must  come  in  the  middle,  and  there  only ;  and  every  closer 
must  be  within  7  inches  of  every  angle  or  plumbing. 

2.  To  bear  in  mind  that  the  closers  go  in  pairs  in  the  same  course — 
'•^•»  one  must  be  placed  at  each  end,  or  else  there  would  be  a  toothing 
*t  the  other  end,  as  shown  in  fig.  44  ;  the  correct  and  only  way  to  make 
tbe  work  in  order  being  as  in  fig.  45,  which  shows  a  closer  at  each  end, 
^d  at  each  jamb  of  the  window. 

3.  To  take  care  that  the  closer  (or  |-brick)  goes  through  the  whole 
^kness of  tht  wall,  and  in  a  broken  line,  if  possible;  a  similar  defect  to 
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ihe  last-mentioned  being  the  result  of  inattention  to  this  rule ;  vide  the 
comparison  of  lengths  of  figs.  46  and  47,  representing  the  plans  of  the 
heading  course,  with  closer  for  a  wall  iS  inches  thick. 
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4.  To  lie  internal  angles,  where  possible,  Tvilh  headtrs ;  2^  inches 
showing  in  elevation,  and  the  other  a\  inches  being  within  the  angle  of 
the  wall. 
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5.  To  start  every  heading  course  at  iolk  ends,  as  in   fig.  481*,  filling 
1  according   10  the   bond  specified  ;    and  the  strelcfiing  course  must 


begin  at  lio/h  ends,  as  shown  i 
bond  specified. 


,  the  filling  in  being  according  to 
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Different  Kinds  of  Bond. — There  are  a  considerable  number  of 


different  bonds,  including  the  following : — 

Heading  bond,  which  consists  entirely  of  headers,  is  very  seldom  used 
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because  of  the  difficulty  there  is  in  making  a  finish  and  bond  as  well,  it 
being  necessary  to  use  a  stretcher  at  the  commencement  of  each  alternate 
course,  as  shown  in  fig.  48.  It  can  only  be  used  for  walls  of  the  thickness 
of  or  exceeding  9  inches. 
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Stretching  bond  (fig.  49),  as  the  name  implies,  consists  of  stretchers 
only,  with  headers  at  ends  to  bond ;  and  is  suitable  for  walls  4^  inches  or 
^-brick  thick  only,  being  practically  no  bond  at 
all  in  thicker  walls,  as  shown  at  X  in  fig.  50. 
It  is  also  used  for  chimneys,  which  are  only 
4^  inches  thick;  and  is  accordingly  sometimes 
called  chimney  bond, 

English  bond  consists  of  one  row  or  course 
of  headers  and  one  of  stretchers  alternately,  as 
in  fig.  51.  This  is  the  simplest,  best,  and 
strongest  form  of  bond,  employing  a  good  com- 
bination of  cross  and  longitudinal  ties. 

Flemish  bond,  as  in  fig.  52,  is  built  up  of  alternate  headers  and 
stretchers  in  the  same  course,  and  may  be  said  to  look  better  in  elevation 
than  "  English,*'  though  this  is  its  only  advantage,  the  latter  being  much 
stronger  owing  to  the  extra  number  of  headers  required.  "  Flemish " 
certainly  makes  better  9-inch  walls,  because  the  unevenness  of  walls  showing 
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two  faces  is  not  so  apparent  with  courses  of  alternating  header  and  stretcher, 
instead  of  alternate  heading  and  stretching  courses. 

There  are  two  kinds  of  "Flemish  bond,"  similar  in  elevation  but 
dififering  on  plan,  called  single  and  double ;  the  latter  showing  a  "  Flemish  " 
face  on  each  side  (as  shown  on  the  plans  in  figs.  75  and  76,  82  and  83, 
etc.,  pp.  21,  22),  and  the  single  a  "  Flemish  "  face  outside,  and  "  English  " 
inside  (as  in  figs.  78  and  79). 

It  will  be  noticed  that  single  Flemish  bond  is  only  applicable  to  walls 
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of  14  inches  and  over  in  thickness,  and  that  it  entails  the  use  oi  fahe 
or  half-headers,  a  14-inch  wall  being  formed  of  two  skins,  not  bonded 
together  in  the  one  course,  and  only  slightly  bonded  by  alternate  headers 
in  the  others.     It  is  a  very  inferior  bond,  and  only  used  to  save  expensive 
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bricks  in  facings ;  as  one  whole  brick  will  answer  for  two  folse  < 
headers,  which  come  inside  in  the  Double  Flemish. 

Garden-wail  bond,  a  commonly  used  bond  in  inferior  9-inch  work, 
may  either  consist  of  one  header  to  three  stretchers,  as  in  fig.  53,  or  one 


course  of  headers  to  three  courses  of  stretchers,  fig.  54  ;  the  former  beii% 
called  Flemish  garden-wall,  and  the  latter  English  garden-wall. 

Raking  bond  can  be   of  two   kinds — either  diagonal,  as  fig.    55,  or 


herring-bone,  as  fig,  56,  It  is  used  for  thick  walls  only,  with  an  outer 
casing  of  another  kind,  only  bonded  inwardly  occasionally.  It  is,  on 
the  whole,  a  useful  longitudinal  bond  inside ;  though  the  triangular  fittings 
next  the  outer  skin  are  an  objection  and  defect. 
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Footings  should  always  be  bonded)  or  break-joint;  and  this  can  be 
effected  without  closers  by  making  the  o^ets  2J  inches,  instead  of  using 
a  closer.  For  this  puqxise  English  bond  (if  it  may  be  called  so)  is  the 
best,  most  suitable,  and  most  used ;  as  all  bricks  in  footings  should  show 
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« headers,  and  whatever  stretchers  are  absolutely  necessary  must  be  used 
in  the  middle,  because  an  olfset  taking  place  over  a  stretcher  allows  of 
only  ij  inches  bearing  for  the  top  brick,  as  shown  by  fig.  57.     All  offsets 


ILZZl 


should  be  2\  inches,  and  the  bottom  course  of  footings  generally  double 
the  width  of  the  wall  built  thereon ;  the  steps  rising  either  3  or  6 
inches  per  offset.     Figs.  58,  59,  and  60  represent  the  footings  of  a  9-inch 
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wall  in  plan,  front  and  sectional  elevation;  figs  61  and  62  those,  respectively, 
of  a  14-inch  and  18-inch  wall  in  sectional  elevation.  These  will  require  no 
special  explanation  if  the  student  has  mastered  the  points  previously 
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enumerated ;  it  being  remembered  that  the  first  course  of  the  wall  above 
the  footings  should  be  a  stretching  course — i.e.,  start  with  a  stretcher. 


Fig.e. 


ng.6  *. 
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Applioation  of  the  Various  Bonds. — ^The  angles  of  walls  are  given 
below;  the  attention  of  the  student  having  been   called  to  all  really 
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essential  points,  except  that  the  closer  course  in  pairs  comes  alternately 
on  each  side  of  the  angle,  as  the  brick  at  the  angle,  which  is  header 
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to  one  face,  is  stretcher  to  the  other,  and  via:  versd;  and  the  student 
should  note  also  that  the  mternal  angle  is  bonded  in  one  way  in  one 
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a»rs^  and  the  other  way  in  the  next  course,  alternately  (as  shown  by  the 
anws),  and  always  with  a  header,  if  possible. 
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Fi^.  63,  64,  and  65  represent,  in  plan  and  section,  two  alternating 
courses  at  a  corner  or  angle,  with  a  blank  end  c^  9-inch  wall,  EnglisA 


id;  and  figs.  66,  67,  and  68,  6g,  70,  and  71,  and  72,  73,  and  74,  the 
K  for  a  14-incb,  an  i8-tnch,  and  a  33-inch  wall  respectively. 
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^^&-  75>  7^  2nd  77  illustrate,  similarly,  a  9-incb  wall  in  flemish  bond ; 
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.  78,  79,  80,  and  81,  the  same  for  a  14-inch  wall  in  single  Flemish 
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bond,  showing  false  headers,  marked  thus  X  X;  doui/e  Flemish  bond  for 
the  same  being  shown  in  figs.  83,  83,  and  84 ;  while,  for  an  18-inch  wall, 
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doubit  Flemish  bond  is.  shown  in  6gs.  85,  86,  and  87 ;  and  single  Flemish 


T— T 


lEx 


r\^M7 

\ 

Fi^.SB 


I  ,  I 


T~n~ 


'T~n' 


T^ 


a  es 


rig.8S 


Fi^.SO  Fi^.Bi. 

bond  in  figs.  88,  89,  and  9a     Finally,  figs.  91,  93,  and  95  show  a  3z-inch 
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wall  in  Flemish  bond,  from  which  it  will  be  seen  that  Flemish  becomes 
very  troublesome  and  weak  in  thicker  walls,  as  compared  with  English ; 
the  angles  having  to  be  tied  in  with  stretchers  internally,  which  is  against 
the  rule  previously  laid  down. 
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The  modes  of  treatment  and  construction  for  irregular  angles  are 
dealt  with  in  figs.  94,  95,  96.  and  97,  which  represent  14-inch  bay-window 
angles,  in  English  and  Flemish  bond  respectively.     The  external  angles 


of  these  are  called  sguints,  and  the  internal  birdsmouths  \  the  bricks 
measuring  6|  and  2\  inches  on  the  two  faces,  which  dre  placed  alternately ; 
each  course  with  a  closer  always  comity;  next  the  2J-face  in  the  work, 
this  being  equivalent  to  a  header. 
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It  will  be  noticed  that  the  Flemish  bond  (as  figs.  96  and  97)  is  very 
inferior  and  irregular;  in  Tact,  there  is  no  regular  system  about  it- 
no  two  bricklayers  working  such  angles  alike  in  Flemish  bond,  the 
difSculty  being  in  the  tnttrnai  work.     The  only  rule  that  can  be  laid  down 


with  regard  to  them  is  that  they  must  be  bonded  in  alternate  courses 
by  pairs  of  headers  cut  and  tied  in  by  the  stretchers  within  the  angle 
one  course,  and  without  the  next,  as  shown  in  the  figures ;  the  same 
rule,  of  course,  applying  to  English  bond  as  well;  the  internal  header 
being  placed  at  the  back  of  the  6|  face  of  the  squint  brick. 


In  the  same  way,  tigs.  98  and  99  represent  the  methods  of  treatment 
and  construction  for  two  courses  of  an  acute  angle  in  an  rS-inch  wall. 

Intentctions  of  internal  and  external  walls  are  done  very  simply,  the 
internal  wall  toothing  into  the  external  wall  2^  inches  in  each  alternate 
course,  as  in  figs.  100,  loi,  102,  and  103 ;  the  joints  being  broken  alte^ 
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nately  on  the  respective  courses,  as  shown  by  the  arrows,  and  care  being 
taken  that  where  possible  each  should  tie  in  with  a  header. 


Fi^.lOO. 


Fiij.lOi. 


Brick  piers  are  subjected   to  the  same  treatment  with  r^ard  to  the 
necessary  closer  at  the  plumbing  angles  to  break  the  joint ;   though  it 
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Fig. 103. 


cannot  be  applied  to  anythiim;  smaller  than  piers  with  sides  of  i8  inches 
wide  or  more,  in  which  case  they  are  treated  as  shown  in  figs.  104,  105, 
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106, 107,  108,  and  109 ;  from  which  it  will  be  seen  that  EngUsh  alone 
the  bond  necessarily  used. 
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Sleeper  walls  supporting  ground  floor  joists  are  built  4J  inches  thkk, 
and  about  S  feet  apart,  to  reduce  the  spans  of  the  joists  in  big  rooin^;  and 
they  are  either  built  with  openings  here  and  there  to  allow  of  ventilation, 
or  as  fig.  no,  which  is  called  honeycomb  work. 
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Fender  walls  are  those  built  round  fireplaces  to  carry  the  hearthstones 
and  take  the  ends  of  the  joists,  which  would  otherwise  have  to  be  trimmed. 

Brick  cores  are  the  irregular-shaped  brick  surfaces  between  the  tops  of 
flat  lintels  and  the  soffits  of  relieving  or  discharging  arches,  as  in  fig.  i  n. 


CHAPTER   III. 

BBICK  KETBALS,  ABCEES,   AND  POIHTINQ. 

KercaLi  and  their  Construction — Foims  of  Arches ^^oDStruction  of  Arches— Bond  of 
Arches— Pointing — Fiteplaces — Flues— Hoop-iion  Bond — Wood  Bricks  and  Pads — 
Brick  Corbelling. 

BevealB. — A  reveal  is  that  part  of  an  opening  which  returns  at  right 
angles  from  the  front  of  the  wall — Le.,  that  part  which  shows  vertically 
between  the  necessary  angle  from  the  face  line  and  the  front  of  the  door 
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F/ J 112 
or  window  frame,  as 


Fig.lU 


in  fig.  iia,  fig.  113  being  an  illustr„.!-:.  -.i  _  :/.'j,«fi 
nvea/,  and  fig  114  a  splayed  jamb,  explaining  the  difference  between  that 
Mid  a  splayed  reveal ,  the  former  applying  to  the  internal  and  the  latter 
to  the  external  finish 


d 


\Vhethcr  a  reveal  be  square  or  splayed,  the  student  must  always  bear  in 
mind  that  a  closer  must  be  used  on  each  side  of  the  opening  in  the  same 
horizontal  line  in  the  same  course  as  that  in  which  the  closer  is  placed  at 
tiie  main  angles.     For  instance,  fig.  115  represents  a  square  reveal  in  a 
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wall,  in  the  heading  course  of  English  bond,  where  the  king  closers  will 
be  seen  to  advantage,  fig.  ii6  being  the  succeeding  or  stretc  hing  course 
of  the  same. 


1 


Fig.116 

It  should  be  pointed  out  that  the  setting  back  of  the  jamb  (or  reveal, 
as  it  is  sometimes  improperly  called)  varies  in  wtdtA  according  to  the 


H-  9'—»! 


4*  it  f  i- 


FigM/. 


joinery  frame  that  it  has  to  take,  usually  being  4^  inches  wide  for  sash- 
windows,  and  from  ij  to  3  inches  for  door  and  solid  window  frames. 

It  will  be  obvious  that  a  splayed  reveal  is  made  by  the  peculiar  shape 


ttl 


7" 

r*ci.ii8. 

of  special  bricks  called  cants,  as  shown  by  the  dotted  lines  to  figures; 
whereas  a  splayed  jamb  is  generally  roughly  cut,  and  worked  according  to 
convenience  in  bonding. 


] 

1 

Fiq.H9. 

Figs.  117  and  118  represent  succeeding  courses  up  both  window  jambs, 
with  a  reveal  in  a  14-inch  wall  with  a  splayed  jamb,  English  bond ;  and 
figs.  119  and  120  that  in  an  18-inch  or  2-brick  wall;  fig.  121  showing  the 
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same,  without  the  splayed  janib ;  the  dotted  lines  on  fig.  119  representing 
the  other  course. 


r*j.ao. 


rip2i. 


I-X. 


The  14-inch  wall,  treated  in  t-lemhh  bond,  is  represented  on  figs.  laa 
»1 113,  and  the  18-inch  on  figs.  134  and  125. 


32 


BUILDING  CONSTRUCTION. 


Below  the  sills  the  brickwork  is  often  set  back  within  the  thickness 
of  the  wall,  the  jambs  continuing  down  to  floor-line  to  allow  of  window 
backs  from  window  board  to  floor  (as  shown  on  fig.  140),  making  a 
14-inch  wall  only  9  inches  thick  below  the  window  sill  and  between  the 
jambs.    Vide  fig.  126. 

Forms  of  Arches. — An  arch  is  an  arrangement  of  bricks,  placed  to 
any  shape  or  curve  over  an  opening,  so  that  each  brick  is  supported  by 
mutual  pressure  firom  its  neighbours,  the  whole  being  wedged  in,  as  it 
were,  over  the  jambs  on  each  side  of  the  opening. 


t\tv&x\on. 


Por    Window     B»ck 

Plan. 

FiCj  126. 

Before  proceeding  to  explain  the  application  of  bricks  to  the  formation 
of  arches,  it  will  be  as  well  to  make  the  student  acquainted  with  the  different 
parts  of  an  arch,  their  names,  and  the  various  kinds  of  arches  in  use. 

Fig.  127  is  an  elevation  of  a  semicircular  arch,  the  capital  letters  refer- 
ring to  the  text  with  explanations,  as  follows :  A  represents  the  abutments 
which  support  the  arch,  and  from  which  it  springs ;  they  are  really  the  jambs 
of  small  openings,  and  a  //Vr  will  act  as  abutment  to  two  arches,  as  shown 
at  I*  on  the  illustrations  :  C  is  the  crown  or  top  of  an  arch  ;  E  indicates 
the  extradosy  top^  backy  or  outside  \  F  is  the  face ;  H  are  the  haunches^ 
sidesy  or  shoulders^  comprising  the  sides  of  an  arch  up  tp  a  point  halfway 


BRICK  REVEALS,  ARCHES,  AND  POINTING. 


33 


between  the  springing  and  the  crown;  /  represents  the  intrados^  soffit^ 
bottom^  or  under-side  of  the  arch ;  J  shows  the  jambs  or  sides  of  the 
abutments  and  piers ;  K  is  the  keystone^  or  central  voussoir  or  archstone ; 
S  indicates  the  spandrils^  the  spaces  over  the  extrados  and  haunches  up  to 
a  line  horizontal  with  the  crown ;  Sp  is  the  springing^  or  place  from  which 


r/g  \27. 


the  arch  starts — called  skevhdacks  in  other  than  semicircular  arches — they 
radiate  to  the  centre,  and  form  a  key  to  keep  the  arch  in  and  wedge  or 
tighten  it  up  ;  Sn  represents  the  span^  or  width  of  the  opening  over  which 
the  arch  is  built ;  Spg  is  the  springing  or  horizontal  line,  from  which  the 
arch  commences ;  JR  is  the  rise  of  the  arch,  from  the  springing  to  the  soffit 


ria.128 


Centre 


of  the  crown ;  Fare  the  voussotrSy  blocks^  or  bricks^  which  form  the  arch, 
radiating  from  the  centre-point,  and  supported  by  mutual  pressure  from 
their  neighbours. 

Fig.  128  is  a  segmented  arch,  shown  for  the  purpose  of  indicating  the 
poution  (^  the  skewbacks,  which  do  not  occur  in  semicircular  arches.  The 
iame  reference*letters  and  nomenclature  apply  as  in  the  last  case. 
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The  semicircular  arch  (shown  in  Fig.  127)  is  made  from  one  centre 
situated  on  the  springing  line,  halfway  between  the  jambs  of  the  abutment. 
The  segmental  or  **  scheme  "  arch  (shown  in  Fig.  128)  is  formed  with  a  curve 


J"  J'  J*  y 


n^.i29. 


which  is  part  of  a  circle,  also  struck  from  one  centre,  halfway  between 
jambs  of  abutments,  but  at  a  distance  below  the  springing  line,  which  may 
vary  according  to  the  rise  of  the  arch. 


Fig.  129  is  a  straight  ox  flat  arch,  the  bricks  (or  voussoirs)  varying  j\ 
hickness  from  a  maximum  of  3  inches  at  the  extrados  to  a  minimum 
thickness  at  the  intrados,  so  as  to  radiate  to  a  centre  below  it. 


r/j./ji. 


Fig.  130  is  an  elliptic  arch,  has  half  an  ellipse  for  its  curve,  and  is  used 
for  wide  spans,  where  only  a  small  rise  is  obtainable. 

Fig.  131  is  a  cambered  zich^  which  is  similar  to  a  straight  arch,  except 
ing  that  the  intrados  or  soffit  rises  slightly  in  a  flat  curve  towards  the  centre. 
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As  a  rule,  in  bet,  all  flat  or  straight  arches  should  be  thus  made  with  a  small 
camber,  to  allow  for  settling. 

Fig.   133  is  an  equilateral  arch — i.e.,  one  whose  curves  have  each 


an  angle  of  an  equilateral  triangle  as  its  centre,  the  two  meeting  at  the 
third  angle.    This  is  also  called  a  Gothic  arch. 

Fig-  133  re[»esents  an  arch  struck  from  three  centres,  as  shown,  and 
is,  as  will  be  seen,  akin  to  the  elliptic  arch  (fig.  iy>). 


Fig.  134  shows  an  arch  stniclc  from  four  centres,  and  called  a  Tudor 
ardi ;  beii^  also  a  Gothic  arch,  but  of  a  later  period  than  fig.  133. 

In  setting  out  three-  and  four-centred  aches,  the  line  joining  the  centres 
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liiould  be  at  an  angle  of  30  degrees  vith  the  vertical,  which  can  always  be 
contrived  by  altering  the  radii. 

Trimmer  arches  will  be  explained  hereinafter,  when  treating  of  the 


rig.  13*. 


constraction  of  fireplaces,  chimneys,  and  flues.     Groined  arches  are  those 
which  intersect  one  another  at  various  angles. 

Having  thus  become  acquainted  with  the  different  kinds  of  aiches. 


and  the  names  of  the  various  parts,  the  student  will  the  more  easily  be 
enabled  to  master  the  constructional  paints  and  details. 

Constmotion  of  ArohoR. — The  principal  kind  of  arch,  most  com- 
monly used,  is  the  ordinary  brick  relieving  at  discharging  arch,  made  of 
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rough    bricks,  over  the  inside   openings   of  doors    and  windows    and 
internal  openings.     It  springs  from  skewbacks  outside  the  ends  of  lintels. 


Wood  lintol 


f^ig.136 


T 


and  is  bedded  on  a  brick  core,  over  the  lintel,  as  shown  in  fig.  135,  or 
on  a  circular  extrados  cut  on  the  lintel,  as  fig.  136.  These  relieving  arches 
rise  in  the  centre  about  one  inch  for  every  foot  of  span. 


Fig.  /37 


msm 


FigJ38 


Such  arches,  of  a  very  small  span  and  of  a  considerable  rise,  are  built 
tip  in  half-brick  rings,  as  shown  in  fig.  137,  in  order  to  obviate  the 
excessively  large  joints,  which  would  result  from  the  use  of  whole  bricks, 
at  the  extrados,  as  shown  in  fig.  138. 


J'  J-  J  J' 
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Fig.  139 


French  or  Dutch  arches  are  flat  or  straight,  as  shown  in  fig.  139, 
differing  from  fig.  129. 
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Other  kinds  of  arches  are  built  on  temporary  wooden  framings  ot 
centres  of  the  required  dimensions  and  curves,  to  support  the  brtckworlc 
until  it  has  settled  into  its  proper  position,  and  become  duly  bound 
together  and  solidified  by  the  setting  and  hardening  of  the  cement  or 
mortar. 

The  commonest  arch  of  this  class,  which  requires  centres,  is  the 
J^ench  or  Dutch  arch.  This  is  a  rough  fiat  or  cambered  arch,  but 
distinct  from  the  ordinary  flat  arch  (fig.  129),  by  a  different  mode  of 
construction  in  regard  to  the  arrangement  of  the  bricks,  as  appears  from 
^S'  139  i  '^I't,  from  its  unsightliness,  it  is  only  suitable  for  walls  which 
are  to  be  plastered  or  otherwise  covered  up. 

All  the  different  kinds  of  arches  can  be  built,  either  rough  for 
plastering,  with  the  ordinary  common  bricks,  or  they  can  be  axed  or 
nabbed  and  gauged  for  facework,  as  hereinafter  explained ;  and  all  such 
arches  should  be  built  in  cement,  for  the  best  work. 

An  axed  arch  is  one  formed  of  hard  bricks,  which  are  cut,  either 
roughly  or  finely,  by  the  bricklayer's  axe,  to  the  wedge-shaped  sue  and 
shape  required. 

Rubbed  and  gauged  arches  are  built  of  "  rubber  "  or  other  soft  bricks, 
which  have  been  cut  and  finely  rubbed  to  the  form  and  dimensions 
required.  They  are  usually  set  in  "  putty,"  with  very  fine  joints  ;  and 
care  should  be  taken  that  the  joint  of  each  brick  is  perfectly  true,  and 
at  right  angles  with  and  within  its  face ;  so  that  the  pressure  may  be 
equally  distributed,  and  the  edges  of  the  bricks  not  liable  to  crack  and 
split  away  from  any  undue  pressure  at  the  outside,  where  they  are  bound 
to  show  a  line.  Some  arches  are  built  with  special-made  bricks  of  the 
required  wedge-shape  and  size. 

The  student  will  notice  that,  in  openings  with  rubbed  or  axed  arches 
outside  and  a  rough  arch  inside,  the  inner  arch  is  to  be  set  back  to 
the  full  depth  of  the  jamb,  outside  the  line  of  soffit  of  the  outer  arch 
as  shown  in  figs.  140  and  141;  or  as  already  shown  in  fig.  1351  when 
applied  to  lintels  and  discharging  or  relieving  arches.  There  is  only  one, 
difference  by  which  the  various  kinds  of  arches  can  be  distinguished  on 
drawings,  common  brick  arches  showing  thick  wedge-shaped  joints,  and 
each  brick  measuring  3  inches  at  the  intrados,  while  the  bricks  in  both 
axedaaA  rubbed  and  gauged  arches  show  3  inches  on  the  extrados;  and 
the  difference  between  the  two  is  further  shown  by  two  grades  of  the 
lines,  thin  lines  indicating  the  superior  kind,  while  the  thick  lines  denote 
common  work. 

Inverted  arches  are  those  turned  upside  down,  for  the  purposes  of 
spreading  the  weights  and  pressure  from  piers,  and  in  special  places,  on 
to  a  wider  area  of  foundation ;  as  in  such  instances  as  big  chimney-breasts 
and  arcades,  shown  in  fig.  142. 
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Ground Line 
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Bond  of  ArcheB. — The  bond  of  arches  is  aot  generally  so  intricate 
as  that  of  walls,  etc. ;  though  there  must  necessarily  be  some  system  of 
binding  the  component  parts  together.  Before  entering  into  this  subject, 
however,  it  is  necessary  to  point  out  that  brick  arches  are  described  by 


Fig.na 


the  number  of  rings  or  half-brick  rings  in  whicn  they  are  built — a  rii^ 
indicating  a  course  of  the  arch  struck  from  the  centre. 

English  and  Flemish  bond,  in  arches  formed  of  a  single-brick  ring, 
are  alike  in  elevation,  being  similar  to  fig.   143,  the  usual  well-known 


"3'« 


Fig.  145. 


Fig.  1*6. 


difference  only  occurring  in  the  arrangement  of  the  bricks  from  the  face 
as  appearing  on  the  soffit ;  fig.  144  being  the  plan  of  the  soffit  (as  seen 
from  underneath)  of  an  English  bonded  arch;  and  fig.  145  that  of 
Flemish  bond. 


Heading  bond,  in  an  arch  of  a  single-brick  ring,  is  illustrated  by 
fig.  146;  but  the  most  practically  bonded  arch  (which  has  also  the  best 
appearance)  is  the  brick-and-a-half-ring  arch  shown  in  fig.  147. 


BRICK  REVEALS,  ARCHES,  AND  POINTING.  4I 

Iia//-M£k^ngarehts,sac\k  as  that  depicted  in  fig.  148— fanned  of  several 
ha]f^>rid[  rings — show  a  finer  joint,  with  less  labour,  and  they  are  the  most 
easily  built ;  but  in  big  spans  the  rings  are  apt  to  separate  fiom  each 
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other  at  the  coursing  joint,  from  want  of  bond.  This  absence  of  unity 
and  solidity  frequently  becomes  a  source  of  weakness  ;  and  in  order  to 
guard  against  such  defects  in  heavy  arches,  a  few  courses  must  be  bonded 
occasionally,  when  the  heading  joints  which  radiate  are  in  line  so  as  to 


fig. Me. 

ajtow  of  it,  as  in  fig.  149,  for  half-brick  rings ;  but  a  more  complete  and 
stronger  arch  than  this  can  be  made  by  superseding  the  half-brick  ring 
entirely,  as  shown  in  fig.  150,  for  an  18-inch  or  z-brick  arch. 


^fg.iSO. 

Larrying,  as  applied  to  brickwork,  is  the  term  used  for  pushing  up  the 
bricks  within  the  outrides  of  thick  walls  into  their  position,  collecting  morUr 
to  form  the  joint,  as  they  go  along,  from  a  rough  quantity  that  has  been 

Grouting  consists  in  pouring  mortar  (of  the  consistency  of  cream)  over 
the  top  or  last  course  of  three  or  four  successive  courses  which  have  not 
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been  properly  jointed.     The  semi-fluid  mortir  runs  into  all  crevices  that 
may  have  been  left,  and  forms  the  whole,  nhen  set,  into  one  solid  mass. 

Dinging  is  the  term  used  to  describe  the  brushing  over  of  the  brickwork 
with  a  wet  brush  while  the  mortar  is  damp  after  being  "  struck  fair." 

Wigging  is  a  term  employed  in  Dublin  to  denote  the  facing  treatment 
applied  to  the  rough  bricks  used  there,  the  vertical  joints  lieing  filled  up 
with  blue  mortar  and  the  horizontal  ones  with  red,  the  whole  being  after- 
wards pointed  with  a  white  cut  joint. 

Pointing. — "Pointing"  is    the  finishing  off  (with  the  trowel)  of  the 


JUU. 


Fig.  ISS. 

mortar  in  the  rough  joints  between  the  bricks,  so  as  to  give  the  work  a  better 
appearance  on  the  face ;  and  the  stipulation  should  be  specified,  that  no 
four  courses  of  3-inch  bricks  should  exceed  13^  inches  in  height  when  laid- 
Figs.  151  and  152  represent— in  enlarged  sectional  and  front  view 
respectively — struck-joint  pointing,  or,  as  it  is  also  called,  broad  pointing, 
in  which  the  mortar  is  pressed  in  with  the  trowel. 


X 


Fig  IS3 


Fig.  IS*. 


Figs.  153  and  154  show,  similarly,  the  latter,  when  the  joint  is  cut  with 
the  trowel  on  the  bottom  edge,  called  cut  pointing.  It  has  a  better  effect 
than  that  shown  in  fig.  151,  and  it  has  a  cleaner  and  sharper  appearance, 
the  bottom  edge  of  the  mortar  being  cut  to  a  horizontal  line. 

Figs.  155  and  156  explain  in  like  manner  weather-^xrwing,  which  is 
done  with  the  trowel,  the  upper  edge  of  the  mortar,  under  the  bottom  of 
the  upper  brick,  being  pressed  in. 
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Figs.  i6i  and  i6z  represent  fieadetf  pointing,  the  work  being  done  just 
as  the  two  last-named,  but  with  the  jointer  made  to  impress  a  bead  on 
the  joinL 


1         J 


'^1    ri'l    ^ 


Fig  /«2. 

Figs.  163  and  164  are  examples,  in  the  same  way,  of  Avr^pointing. 
In  this  mode  of  pointing,  after  the  ordinary  mortar  has  been  pressed  into 
the  joint  or  scraped  out,  and  the  joint  stopped  up  flush  with  mortar  the 
colour  of  the  bricks,  a  straight-edge  is  laid  horizontally  along  the  joint,  and 


thin  white-coloured  putty  is  laid  on  the  top  of  it  and  pressed  into  the  joint, 
after  which  the  lop  edge  is  cut  off  level,  leaving  the  projection  as  shown. 
The  vertical  joints  are,  of  course,  done  in  the  same  way. 


Fireplaces. — As  fires  are  a  source  of  danger  to  a  building,  which 
must  necessarily  have  some  wood  floors,  it  becomes  essential  that  some 
means  should  be  employed  to  reduce  those  risks  to  a  minimum,  and 
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with  that  view  trimmer  archa  were  devised  for  wood  floors  with  ceilings 
under  them.  The  jouts  are  framed  round  the  chimney  breast  («s  is 
escplained  in  Chapter  VIII.),  and  the  open  space  left  in  front  of  the 
fireplace  is  filled  in  with  brick-arching  4J  inches  thick,  springii^  from 
a  skewbadc  cut  into  the  breast  of  the  chimney,  above  the  ceiling  line,  to 


be  trimmer-joist,  as  shown  m  fig    165,  and  resting  on   light   centring, 
which  is  left  in  for  the  purpose  of  carrying  the  ceiling  lath  underneath. 

Another  method  is  shown  in  fig.  166,  a  feather-edged  wood  springer 
being  nailed  to  the  trimmer-joist,  and  the  arch  springing  from  both  sides 


Fig.  161 


instead  of  from  only  one  {ia.  the  wall),  as  shown  in  fig.  165.  The  spandril 
above  this  trimmer-arch  is  filled  in  with  concrete,  and  levelled  up  to  receive 
the  tiles,  cement,  or  hearthstones  about  2  or  aj  inches  thick,  as  shown  on 
fte  lecdoDS.  The  plan  of  the  hearth,  etc.,  is  as  shown  in  fig.  167,  which 
ibows  the  trimmer-arch  under  the  front  hearth  to  be  14  inches  wider  on 
<ach  tide  of  the  jambs  of  the  fireplace,  and  to  project  14  inches  outward 
— though    18   inches  would   be   better.    Certainly  it  should   project  no 
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less  than  14  inches,  and  be  no  less  than  9  inches  wider  on  each  side  of  the 
fireplace  jambs. 

Ground-floor  fireplacts,  in  stone  or  brick -paved  compartments,  require 
no  special  provision  for  safety  from  fire ;  and  those  with  wood  floors  have 
their  hearths  as  for  the  upper  floors  ;  but,  instead  of  being  supported  by 


F/j.  /S8. 


trimmer-arches,  they  are  secured  by  sleeper  walls  enclosing  the  usual  space 
filled  in  with  concrete,  as  explained  by  fig.  168. 

Fireplace  openings  are  generally  arched  over  on  a  2J  in.  by  |  in.  wrought- 
iron  chimney-bar,  curved  to  the  form  required,  and  with  the  ends  going 


9  inches  into  the  breasts,  split  and  turned  up  and  down  to  keep  them  1^ 

as  seen  in  fig.  169.  At  the  liack  of  this  the  jambs  are  gathered  o\-er,  by 
aj-inch  projections,  to  the  size  of  the  flue  ;  and  in  best  work  a  York-stone 
slab  is  generally  placed  on  the  lop  course  to  act  as  a  ledge  to  stop  down- 
draughts  of  wind.     This  construction  is  delineated  in  fig.  170.     When 
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IX  fireclay  flue-pipes  are  used  to  line  the  flues  a  special-made  radiating 
g.  1 7 1 )  is  used  to  gather  the  opening  over  to  the  size  of  the  flue, 
i  to  the  construction  of  the  flue  itself,  after  the  brickwork  has  thus 
gathered  in  or  collected  to  the  flue,  it  must  be  impressed  on  the 
It  that  no  flues  should  be  made  of  less  dimensions  internally  than 
4  inches,  and  they  may  be  made  as  large  as  i8  by  i8  inches,  though 


fig  170 


ssential  they  should  be  of  the  same  size  exactly  throughout  They 
I,  however,  not  be  built  straight  all  the  way  up,  but  diverted,  in  one 
another,  as  much  as  possible,  as  a  good,  well-constructed  flue  should 
ow  daylight  at  the  top  to  be  visible  to  any  one  looking  up  from  the 
ce.  The  necessary  arrangement  of  a  breast  and  stack  of  several 
eys  will  be  understood  from  figs,  t^3,  r73,  174,  175,  176,  177,  and 
:presenting  complete  plans  and  sections  of  a  large  chimney-breast. 
e  supplementary  fig.  179  is  an  enlarged  detail-section  of  the  breast, 
1  the  uppermost  floor,  and  fig.  tSo  is  a  section  through  a  cottage, 
g  how  flues  are,  from  separate  chimney-breasts,  sometimes  brought 
n. 

IM. — Flues  should  be  cored— i.t.,  tested  for  their  uniformity,  and  all 
nion  cleared  off;  and  the  interior  surface  must  be  smoothly /o/js;rf 
tUd,  or  covered  with  mortar  mixed  with  cowdung,  to  prevent  crack- 
the  inside  flue-faces  may  be  built  in  smooth  regular  bricks,  and  neatly 
minted  in  cement  mortar — a  process  which  has  an  advantage  over 
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pargeting  in  that  there  is  no  coating  to  knock  off  the  flue-walls,  which  may 
happen  when  alterations  have  to  be  made  next  the  flues. 

The  partition-walls  between  flues  are  called  withes,  or  niid-feathtn  \  and, 
of  course,  they  should  be  bonded  each  way,  at  every  alternate  course,  into 
the  outside  casing.     Fig.  i8i  represents  two  alternate  courses  of  English 


BRICK  REVEALS,  ARCHES,  AND  POINTING. 


SI 


bond,  ^brick  thick,  and  fig.  iSa  those  in  Flemish  bond,  while  fig.  183 
shows  that  there  is  practically  little  difficulty  in  bonding  the  withes  into 
94iich  outside  walls  of  whatever  bond;  fig.  iSsa  showing  a  much-used 
anaDgement  which  has  Its  advantages,  although  not  strictly  Flemish  bond. 

The  aipi  of  chimney  stacks  are  made  more  or  less  ornamental  by  the 
ose  of  moulded  bricks  01  tena-cotta,  but  more  commonly  by  means  of  several 
mersaiUng  courses,  projecting  or  corbelling  out  one  above  another,  as 
shown  in  fig.  184,  and  mitring  at  the  angles,  or  returning  all  round  the 
chimney,  and  finished  off  with  a  chimney  pot.  The  top  courses  should 
always  be  set  in  cement ;  and  it  should  be  here  remarked  that  no  corbel 
or  oversailing  brick  should  project  more  than  i\  inches  at  a  time,  just  as 
o&ets  and  all  projecting  bricks  should  be  headers. 

Hoop-Iron  bond,  which  has  superseded  the  use  of  longitudinal  bond- 
timbers,  consists  of  thin  long  strips  of  wrought-iron,  about  t^  inches  by 
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-^inch  laid  and  built  in  along  the  walls,  between  the  courses,  in  rows  at  every 
two  or  three  feet  in  height  above  head,  and  below  sills  of  window,  and  turned 
at  dte  ends  up  joints  to  assist  in  preventing  rupture  of  the  brickwork  hori- 
Kxitally  from  unequal  settlements.  It  is  often  specified  to  be  tarred  and 
sanded  before  being  built  in. 

Wood  iMriokl  are  often  built  in  jambs  for  fixing  joinery  work  to; 
tbou^  they  are  now  generally  superseded  by  breeze  and  patent  bricks, 
which  are  fireproof.  Elm  pads,  \\  inches  by  9  inches  by  |  inch,  are  also 
used  ist  the  same  purpose,  and  built  in  the  joints,  sometimes  vertically,  for 
the  attachment  of  skirtings,  etc 

Brlok  oorbeUlng  is  a  series  of  projecting  bricks,  for  the  purpose  of 
giving  additional  suppor'.  to,  or  to  carry,  wall-plates  and  other  projections 
over  plain  walls  below.     V^  fig.  185. 
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DAMP  AND  ITS  PREVENTION. 

Danger  of  Damp — Protection  below  Groaiid  —  Protect  ion  above  Ground— Prevention  of 
Damp  Rising — Prevention  of  Damp  Descending. 

Danger  of  Damp.— The  chief,  if  not  the  greatest,  enemy  of  the 
builder  is  damp.  It  will  ascend,  descend,  and  penetrate — i.e.,  attack 
materials  in  all  directions ;  and  wherever  it  makes— or  is  allowed  from 
inattention,  carelessness,  or  want  of  forethought,  in  the  first  i 
make — an  inroad,  it  brings  ruin  to  the  building  itself,  in  every  r 
by  sowing  the  seeds  of  decay ;  ruin  to  the  furnishing  and  finishing  of  the 
building;  and  oftentimes  ruin  to  the  health  of  its  occupants.  Therefore 
it  is  the  duty,  and  should  be  the  chief  care,  of  the  builder  to  keep  damp 
out,  by  one  or  other  of  the  various  means  which  will  hereinafter  be  pointed 
out  and  explained. 

This  duty  generally  falls  to  the  bricklayer  and  mason,  except  in  so 
far  as  roofing  is  concerned,  when  it  devolves  on  the  carpenter,  plumber, 
and  slater ;  and  all  these  will  be  dealt  with,  respectively,  in  their  proper 
places.  The  bricklayer,  however,  is  often  really  responsible  for  the  decay 
of  the  carpenter's  work  from  damp ;  though  it  should  be  the  business  of 
the  latter,  when  possible,  to  see  that  due  precautions  have  been  taken 
with  the  brickwork  before  he  puts  in  the  woodwork  which  it  is  his  business 
to  attend  to. 

Protection  below  Ground.— There  are  numerous  methods  of 
preventing  the  penetration  of  damp  through  the  enclosing  waits  into 
apartments  below  '.he  ground  line  ; — 

I.  By  building  the  walls  of  greater  thickness,  and  setting  the  bricks 
in  cement — a  simple  method,  but  often  rather  expensive ;  and,  moreover, 
on  valuable  sites,  a  considerable  quantity  of  room  is  sacrificed  for  this 
purpose,  as  compared  with  another  mode  of  prevention  which  could  have 
been  used  to  greater  advantage, 

s.  By  hollow  dry-area  walls  around   the  external  faces,  as  illustrated 
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b)r  the  section  Fig.  186.  This  also  is  disadvantageous,  Tor  the  same 
TKtsoQ  as  method  No.  i ;  and,  in  addition,  care  should  also  be  taken  that 
the  cavity  is  thoroughly  well  ventilated,  so  as  to  maintain  a  current  or  air 
^nays  pasing  through  every  port  of  it.  Moreover,  while  providing  such 
free  and  ample  ventilation,  every  precaution  must  be  taken  to  prevent  any 
vmnin  harbouring  in  this  cavity,  as  well  as  the  accumulation  of  any  refuse 
therein.  The  open  area  should  commence  from  the  footings,  the  bottom 
being  paved  in  cement,  and  its  walls  built  battering,  in  cement,  from  the 
botiotn ;  and  it  should  be  wide  enouf^  to  allow  of  its  being  cleaned  out, 
when  requisite.     The  top  should  be  covered  over  with  York  slabs  well 


secured  together ;  or  it  should  be  arched  over,  as  shown  by  dotted  lines, 
which  also  is  often  done,  in  addition  to  the  slabs.  Through  ventilation 
should  be  secured  by  ventilators  at  the  top  and  bottom,  the  holes  of 
the  gratings,  of  course,  being  made  very  small  in  order  to  keep  out 
venain. 

3.  By  lining  the  inside  with  a  /At'n  brick  wall  in  cement,  with  a  small 
am'/y  left  between  it  and  the  main  outer  wall,  as  shown  in  fig.  187.  this 
also  takes  up  room,  but  otherwise  is  a  good  remedy.  It  is  usually  adopted 
for  thick  rubble  stone  walls,  which  are  sometimes  tarred  before  the  brick- 
lining  is  built  up  securely,  and  free  from  ventilation.  This  method  has 
the  advant^e  also  of  being  applicable  to  roams  above  the  ground  floor 
line.  The  heading  and  bonding  bricks  should  have  their  ends  (which  go 
into  the  stone  wall)  well  tarred  before  being  built  in. 
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4.  Another  method  is  to  run  Hygean  Rock  asphalte,  while  hot, 
nithin  the  venical  joinU  of  the  enclosing  thick  walls.  This  is  usually 
done  about  half  a  brick  or  4^  inches  from  the  external  face,  the  first 
vertical  joint  inwards,  longitudinally,  being  left  open,  as  shown  i) 
The  asphalte  is  poured  in  at  every  three  or  four  courses,  filling  up  the 
crevice,  and  forming  a  compiete  coating  inside  the  wall.     This  is  a  cheap 


5.  To  face  the  wall  externally  with  6lue4nck  uork  built  and  bonded 
in  cement.  This  has  been  proved  to  be  a  simple  and  effectual  remedy 
against  the  penetration  of  damp, 

6.  To  render  the  external  face  oxier  uiO  ement  and  sand  about 
one  inch  thick.  This  is  another  simple  remed>  which  can  be  used  both 
above  and  below  the  ground  floor  line ;  the  upper  portion  admitting  of 
treatment  ornamentaliy,  without  any  great  expense, 
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7.  The  outer  faces  of  the  basement  walls  can  also  oe  coated  with 
a^kalU,  laid  on  hot,  about  three-quarters  of  an  inch  thick;  which, 
though  very  expensive,  is  the  most  effeaual  method  of  preventing  the 
penetration  of  damp.  Scyaell  and  Val-de-travers  asphaltes  are  the  best 
for  this  purpose,  and  should  be  laid  on  by  the  company's  own  men. 

Frotsotion  above  Qronnd. — ^The  walb  of  rooms  above  ground-lme 
are  protected  from  damp  by  the  following  methods : — 

1.  The  use  of  the  Hygtan  Rock  compoiifum  (as  before  mentioned). 

2.  Tht  cement  rendering, 

3.  Mhte  driek  facing  (also  as  previously  explained ;  though  the  latter  is 
Dot  very  bright  and  pleasant-looking  to  the  eye). 

4.  Building  the  walls  MoUow  with  the  "  thick  skin,"  as  it  is  called, 
either  inside  or  outside ;  the  two  being  bonded  together  (a)  by  the  use 


FigiaB 


Fig  J90. 


of  galvanised  iron  wall-ties  (^ide  fig.  189);  (b)  by  the  patent  vitrified' 
bonding  bricks,  as  shown  in  fig.  190.  The  outer  skin  (about  t,\  inches 
or  a  balf-brick  thick)  is  built  up — with  a  3-inch  cavity,  ventilated  at 
top  and  bottom  for  the  circulation  of  the  air,  which  is  a  non-conductor — 
simultaneously  with  the  inner  or  thicker  portion,  about  five  bonding 
brides  or  ties  being  used  to  each  superficial  yard — about  twelve  inches 
apart  in  height,  and  from  two  to  three  feet  horizontally.  Thin  strips 
should  be  used  during  construction,  tn  order  to  keep  the  mortar  from 
ftlling  inside  the  cavity ;  or  sand  courses  m<Ly  be  left  at  the  bottom,  to 
allow  of  its  being  deaned  out  when  finished ;  though  this  latter  method 
is  not  so  good,  from  a  practical  point  of  view,  for  the  stability  of  the 
work. 

It  is,  however,  to  be  noted  also  that  hollow  walls  are  a  source  of 
trouble,  wherever  openings  occur,  especially  at  the  beads ;  the  jambs 
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being  easily  got  over,  as  shown  at  fig.  191.  The  heads,  or  lintels  over 
the  heads,  in  hollow  walls  are  unprotected  against  all  possibility  of  wet 
falling  on  to  their  upper  surfaces.  The  best  way  to  guard  against  this 
source  of  weakness,  in  good  work,  is  to  lay  thin  sheet  lead  (formed  into 
a  gutter)  over  them,  between  the  joints  i^ide  fig.  192),  and  having  a  fall 
both  ways  from  the  centre  of  the  lintel,  so  that  the  wet  is  carried  and 
thrown  off  Cheni  by  the  gutter,  which  should  project  two  or  three  inches 
beyond  the  end  of  the  lintel. 

It  is  better  to  have  the  thin  skin  at  the  outside,  and  the  thicker  (or 
main)  walls  inside ;  inasmuch  as  the  penetration  of  damp  is  all  the  sooner 
stopped  by  the  circulation  of  the  air  in  the  cavity,  and  there  is  then  a 
thicker  dry  wall  inside.  This,  in  fact,  is  the  strongest,  best,  roost  ad- 
vantageous and  economical  system ;   as,  with  the  thin  skin  inside,  all 


joints,  roof,  and  other  bearing  timbers  can  only  get  a  bearing  of  4J  inches, 
on  a  half-brick  wall,  which  is  not  sufficient,  as  the  4J  wall  is  not  strong 
enough  to  carry  the  whole  weight  of  the  building ;  hence  all  such 
bearings  have  to  be  of  increased  length  to  go  into  the  outer  wall,  which, 
though  it  is  the  thicker  and  stronger,  is  also  more  exposed  to  damp. 

Bridging  over  the  cavity  at  these  points  of  support  may  be  recom- 
mended as  a  remedy,  to  avoid  that  increased  expense ;  but,  obviously,  that 
would  be  to  do  away  with  all  or  most  of  the  benefit,  for  the  attainment 
whereof  the  hollow  wall  had  been  employed  j  seeing  that  it  would  break 
the  non-conductor,  and  the  damp  would  be  transmitted  from  the  outside 
to  the  inside  wail  by  the  bridge. 

5.  The  external  face  of  the  walls  may  be  stated  or  tiled,  to  wood 
laths  trailed  to  bond  timbers  on  pads  built  in  as  the  work  proceeds.  If 
slates  be  used  this  method  gives  the  building  too  much  of  the  appearance 
of  a  roof,  and  creates  a  dull  and  uniform  monotony  of  colour.  When 
tiles  are  used,  which  may  be  of  a  different  and  lighter  colour,  and  varied 
in  form,  they  can  be  treated  ornamentally,  which  cannot  be  done  with 
slates ;  and  to  obviate  the  use  of  wood  battens  and  plugs  thin  Wright's  breeze- 
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fixing  blocks  are  built  in,  alternately  with  every  brick  course,  having  a 
slight  projection  on  which  the  nib  of  the  tile  rests,  while  the  tile  itself  is 
nailed  to  the  blocks  which  are  the  "gauge"  from  centre  to  centre,  two 
courses  of  blocks  and  one  of  bricks  replacing  two  ordinary  brick  courses. 

6.  The  outside  of  bams  and  other  unimportant  buildings  are  often 
coated  with  tar  to  keep  out  the  damp. 

Of  the  means  used  to  stop  damp  where  it  has  penetrated  the  walls  of  a 
building,  Szerelmey's  solution  is  one  of  the  best,  a  coating  or  two  of  the 
solution  (either  applied  internally  or  externally)  often  completely  stopping 
it  and  rendering  the  wall  water-  and  damp-proof. 

Blundell's  petrifying  liquid  is  also  a  good  remedy,  and  can  be  applied 
in  various  colours,  which,  having  a  glassy  surface,  can  be  readily  washed. 
The  walls  can  also  be  covered  with  Willesden  paper,  which  is  said  to  be 
water-  and  rot-proof;  or  they  may  be  papered  with  laminated  lead  or  tin- 
foil papers  before  the  decorative  work  is  applied.  If  the  walls  are  very 
damp,  it  may  be  advisable  to  plaster  the  walls  in  Portland  cement  instead 
of  the  ordinary  materials,  and  finish  them  in  Parian  for  paint ;  or  in  other 
cases  the  external  walls  are  battened  and  lathed  as  hereinafter  explained. 

Freyentlon  of  Damp  riBing. — ^The  ascent  of  damp  is  guarded 
against  by  the  use  of  damp-proof  courses,  of  different  materials,  laid 
across  the  whole  width  of  the  walls,  a  little  above  the  general  surface 
of  the  ground,  and  under  all  timbers,  wall  plates,  etc.,  which  are  liable 
to  be  affected  by  damp.  The  following  kinds  of  damp-courses  are 
employed  in  different  parts  of  the  country : — 

I.  Bltie  brick  damp-courses ;  which  consist  of  blue  bricks,  with  open 
cross  vertical  joints,  laid  in  cement,  and  with  the  two  next  courses  of 
brick,  above  them,  built  in  cement  mortar.  This  is  a  most  effectual 
method,  besides  being  inexpensive,  and  raising  the  building  at  the  same 
time — assuming  that  there  can  be  no  objection  on  the  score  of  ap- 


2.  Slate  and  rimnm/  damp-courses  are  made  of  two  thicknesses  or 
courses  of  good  non-absorbent  slates,  bedded  and  jointed  in  cement,  and 
overlapping  each  other  at  the  joints. 

3.  Aspkalte  damp-courses  of  Val-de-travers,  Seysell,  or  Limmer 
aspbalte,  are  very  effectual,  though  a  slightly  more  expensive  remedy ;  still 
they  have  the  advantage  of  being  hidden  in  the  joint,  whereas  the  blue 
bricks  would  be  apparent  and  out  of  character.  The  asphalte  should  be 
laid  on  hot,  and  by  experienced  workmen. 

4.  Andersaris^  McNeilPs^  and  Engert  &*  Rolf^s  patent  fibrous  asphalte 
felts  are  another  effectual  remedy,  and  particularly  convenient  \  because,  as 
sold,  they  are  ready  to  be  laid  by  the  ordinary  workmen,  being  made  in 
lengths  and  to  the  widths  of  ordinary  walls.  They  are  either  laid  in  single 
courses,  lapped  at  the  joints,  or  double — 1>.,  in  two  thicknesses. 
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J.  Cement  and  sand,  gauged  strongly  {as  one  of  cement  and  one  of 
sand)  is  sometimes  used  as  a  damp-course  ;  and  it  is  effectual,  but  requires 
time  to  set,  before  any  heavy  work  can  be  built  on  it. 

5.  A  composition  of  iar^  sand,  and  piUh  is  a  common  and  successful 
remedy;  though  it  requires  experience  in  the  boiling,  as  it  will  only  set 
properly  when  laid  on  hot  immediately  afier  it  has  reached  a  certain 
state  after  boiling. 

7.  Lead  is  sometimes-~thaugh  seldom  nowadays — used  as  a  damp- 
course.  It  is  expensive,  because  it  must  be  stout ;  besides  which  it  has 
the  disadvantage  of  being  affected  and  eaten  away  by  cement  or  lime ;  and 
it  will  not  carry  very  heavy  weights. 

8.  Holloiv  vitrified  brick  blocks,  to  allow  the  circulation  of  such  a 
non-conductor  as  air,  are  also  another  effectual  remedy,  and  frequently 
used.     They  are  laid  on  in  two  courses,  breaking  joint. 

9.  Callender's  bituminous  dami>proof  sheeting  is  very  effectual,  as  well 
as  reasonable  in  price,  and  it  can  be  applied  in  continuous  lengths. 

Prevention  of  Damp  descending.— The  descent  of  damp,  in 
special  cases,  such  as  parapet  walls  and  chimneys,  is  stopped  by  similar 
methods  to  its  ascent,  as  explained  above.  The  common  method,  how- 
ever—which only  checks,  but  does  not  prevent  the  descent  of  damp,  in 
ordinary  walls  and  other  places  where  it  penetrates  or  descends — is  to 
throw  it  off  by  weatherings  and  projections.  All  siring-cimrses,  sills,  cop- 
ings, and  projections  should  be  weathered  or  splayed,  and  the  underside 
"check-throated,"  so  that  the  wet  runs  down,  and  being  checked  by  the 
throat  on  the  projection  {as  at  X  in  fig.  193),  drops  off. 

Cnpings  of  stone  or  blue  or  red  bricks  are  also  used  at  the  top  of  walb 
for  this  purpose,  and  may  be  either  weathered  and  throated,  as  fig,  193  ; 
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saddle-back  and  throated,  as  fig.  194  ;  rounded  and  throated,  fig.  195  ;  or 
bull-nosed  or  half-rounded,  fig.  196.  All  these  are  effectual  except  the 
last ;  this  does  more  harm  than  good,  as,  without  the  throat,  all  the  wet 
b  collected  and  literally  poured  down  the  face  of  the  wall. 

A  tile  creasing,  as  shown  in  fig.  197,  is  often  also  employed  as  a 
coping  and  projection  to  walls,  and  consists  of  two  courses  of  tiles 
breaking  joint,  and  built  in  cement,  projecting  from  the  wall  line. 


CHAPTER  V. 

BUILDINa  STONES  AND  STONE  WALLING. 

Stone  as  a  Bailding  Material — Sandstones — Limestones — Stone  Walling — Limestone 

Facings — Sandstone  Facings. 

Stone  as  a  Building  IMUiterial — It  is  only  proposed,  in  this  chapter, 
to  draw  attention  to  some  of  the  chief  points  requiring  attention  with 
regard  to  building  stones  generally,  after  which  a  short  account  will  be 
given  of  the  nature  and  characteristics  of  the  chief  building  stones  in 
general,  as  against  local  use.  Granite  and  other  building  materials,  not 
mentioned  elsewhere,  will  be  found  treated  of  in  Chapter  XXIII. 

It  will  be  patent  to  the  student  that,  whereas  hard-and-fast  rules  can  be 
laid  down  for  the  guidance  of  bricklayers,  to  enable  them  to  make  good, 
solid,  well-bonded  work  with  a  material  of  regular  and  standard  size,  no 
such  rules  can  be  made  for  the  use  of  a  material,  such  as  stone,  which  is 
of  no  certain  fixed  size,  and  is  subject  to  the  varying  influence  of  innu- 
merable matters  of  both  great  and  small  importance.    Therefore  a  great 
deal  must  necessarily  be  left  to  the  judgment  of  the  mason,  who  should 
th<»oughly  understand  the  principles,  which  he  must  endeavour,  in  more 
or  less  degree,  to  carry  out,  as  far  as  possible,  according  to  circumstances. 
He  should  never,  under  any  circumstances,  allow  one  joint  to  be  exactly 
over  another;  but  he  can  make  the  joint,  in  any  position,  over  another 
solid  stone,  whether  it  be  half  or  three-quarter  bond.    All  he  has  to  do — 
subject  to  judgment  and  discretion — is  to  break  the  joints ;  and,  in  addition 
to  this,  he  must  take  care  that  every  stone,  excepting  projections  and 
weatherings,  is  laid  on  its  natural  bed — />.,  on  the  bed  on  which  it  lay 
when  in  the  quarry,  before  it  was  taken  from  the  solid  mass.    This  bed — 
except  in  very  close,  hard,  uniform,  and  even-grained  stones — can  easily 
be  distinguished,  as  all  formation  and  stratification,  shells,   changes  of 
colour,  and    nature  in   the  stone,    grit    or   other,   are   practically  laid 
horizontally  on  the  stone.    Therefore  such  marks,  indications,  and  pecu- 
toties  are  generally  found  in  lines  approximately  parallel  with  the  natural 
or  quarry-bed  of  the  stone. 
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On  the  other  hand,  all  projections,  weatherings,  and  especially  copings, 
should  be  joinlbtided ;  that  i=,  the  natural  or  quarry-bed  must  be  placed 
vertically  and  at  right  angles  to  the  horizon  or  bed  of  the  course,  which 
is  necessitated  by  the  fact  that  wet  and  frost  will  penetrate  the  bed  of 
a  stone,  and  lift  it  up  and  sometimes  off  altogether.  Therefore  it  is  best 
to  tie  the  beds  in,  as  it  were,  together  at  the  joints  by  neighbouring  atones, 
so  that  they  cannot  get  away, 

The  mason  should  also  take  great  care  that  the  surfaces  of  all  beds  auid 
joints  are  at  true  right  angles,  with  the  face  of  the  slone  or  the  direction  of 
the  superincumbent  pressure  of  the  weight  above  sj  that  the  pressure  on 
the  stones  is  equally  distributed  over  the  whole  area  of  tht  stone— uneven- 
ness  tending  to  cause  the  angles  to  split  ofT  the  stone  from  the  influence 
of  gravity,  making  it  take  its  proper  bed  and  bearmj,  under  the  pressure  (as 
fig.  198},  or  sometimes  the  stone  cracks  {as  in  fi^   igg) 


F,i)  tas. 


Bonders  and  their  uses  will  be  dealt  with  later  on,  in  connection  with 

the  subject  of  watling. 

There  are  two  classes  of  building  stone  in  general  use,  called,  from 
their  respective  composition,  sandstones  and  limestones.  Sandstone  is 
composed  of  pure,  clean  sand,  cemented  together  by  carbonate  of  lime 
or  of  magnesia  and  other  binding  substances,  while  limeslone  is  little  more 
than  pure  carbonate  of  lime.  The  varieties  of  stone  are  of  numerous 
colours,  including  red,  blue,  brown,  white,  and  yellow,  and  their  innu- 
merable shades.  The  grain  varies  from  fine  to  coarse,  with  beds  which 
are  oftentimes  difficult  to  distinguish,  some  being  close  and  some  opem 
though  their  strength  may  be  the  same. 

SandstoneB.— Sandstones  are  used  for  paving,  general  building  pur- 
poses, carving,  or  for  heavy  engineering  works,  on  account  of  their  great 
power  to  resist  compression,  some  of  the  best  qualities  being  capable  of 
resisting  a  pressure  of  between  600  and  700  tons  per  square  foot  before 
they  crack  even,  and  more  before  being  crushed  completely.    They  aie 
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hard,  though  free-working,  and  durable ;  they  absorb  from  8  to  lo  per 
cent  of  water ;  and  their  weight  is  from  120  to  170  lbs.  per  cubic  foot 

A  goad  sandstone  should  be  of  an  even  grain,  and  crystalline  in  texture. 
When  chipped  into  clear  water,  and  stirred  about,  it  should  not  make  the 
water  muddy;  and  it  should  absorb  no  more  than  10  per  cent  of  water 
when  poured  on  to  it,  while  for  work  requiring  strength  it  should  be  capable 
of  taking,  at  the  very  least,  350  tons  per  square  foot  in  compression  before 
fracture  takes  place. 

The  best  and  most  well-known  sandstones  are  as  follows : — 

Craigleith  stone  is  the  most  durable  in  Great  Britain,  found  near 
Edinburgh.  It  contains  98  per  cent,  of  pure  silica,  with  i  per  cent  of 
carbonate  of  lime.  It  is  of  a  greyish  colour,  very  hard,  durable,  and 
strong — some  beds  being  three  times  as  strong  as  Aberdeen  granite — and 
of  such  a  fine  grain  that  it  may  hardly  be  called  a  grit.  It  takes  a  very 
fine  arris,  and  never  wears  smooth.  Its  principal  use  is  for  steps,  paving, 
etc,  and  heavy  engineering  works  requiring  great  strength. 

The  Derbyshire  sand  or  gritstones  are  a  very  useful  and  good  stone, 
weathering  well,  carrying  a  fine  arris  and  nice  even-coloured  face,  especially 
the  Bumtwood  and  other  fine  Darleydale  qualities,  which  have  been  proved 
to  withstand  a  smoky  atmosphere  where  other  stones  have  decayed ;  and 
the  coarser  qualities,  found  near  Matlock  Bridge,  have  great  powers  of 
resistance  to  crushing,  rendering  them  most  suitable  for  pad-stones,  engine- 
beds,  and  column-bases.  Stone  blocks  of  such  a  size  as  8  feet  square  and 
3  feet  deep  are  often  procured  out  of  the  best  quarries. 

Forest  of  Dean  stone  is  found  in  Gloucestershire,  among  the  coal 
measures.  It  is  both  soft  and  hard,  according  to  bed,  the  best  yielding  a 
hard  stone,  of  a  fine  grit,  which  can  be  quarried  in  large  blocks. 

Mansfield  stone  is  found  in  Nottinghamshire,  and  of  two  kinds,  re- 
spectively red  and  white  in  colour.  It  is  a  close  crystalline  gritted  stone, 
qoanied  in  large  blocks,  has  a  nice  uniform  appearance,  is  easily  worked, 
weathers  well,  and  is  suitable  for  dressings,  pavings,  stairs,  and  ornamental 
work  generally.  Mansfield  stone  is  called  a  dolomite^  and  contains  almost 
equal  quantities  of  the  carbonates  of  magnesia  and  lime. 

The  Yorkshire  stones  are  of  many  varieties,  including  Bramley  Fall, 
Scotgate  Ash,  Parkspring,  Robin  Hood,  Elland  Edge,  Howley  Park,  and 
Spinkwell ;  most  of  which  are  good  hard  stones,  suitable  for  paving,  dress- 
ingSy  pad-stones,  and  engineering  work.  They  work  and  weather  well, 
stand  considerable  wear,  and  are  close  and  even  in  the  grain,  brown  or 
blue  in  colour,  and  of  numerous  shades. 

The  Yorkshire  quarries  are  worked  by  open  workings,  or  by  shafts,  in 
a  similar  manner  as  coal,  some  of  the  beds  being  sandstones  of  the  lower 
coal  measures.  The  depth  of  stone  varies  from  a  few  feet  to  over  two 
hundred   feet   below  the  surface.      The  quarries  produce  "blocks"  and 
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"flagstones" — the  latter  being  converted  into  stills  for  chemical  works, 
flagging  for  streets,  kitchens,  passages,  etc. ;  while  the  thinner  lifts  are  used 
as  roofing  "slabs,"  the  small  pieces  of  the  flags  being  dressed  into  wall 
stones. 

The  Mock  stone  produces  the  thicker  kinds  of  flagstone,  and  is  sawn  into 
slabs  for  use  in  staircases,  chimneypieces,  dressings,  and  monumental 
work;  the  waste  or  smaller  pieces  being  converted  into  "setts"  and 
"paviors"  for  streets. 

Of  the  brown  and  blue  varieties  found,  it  must  be  understood  that  the 
latter  is  by  far  the  better  stone  where  strength  is  required,  it  being  capable 
of  taking  a  weight  of  668  tons  before  cracking,  and  728  tons  before  being 
crushed,  whereas  brown  will  only  bear  the  pressure  of  484  and  514  tons 
respectively,  these  results  being  obtained  on  6-inch  cubes. 

Runcorn  is  a  good,  useful,  strong,  durable,  red  building  stone,  found 
near  Liverpool,  being  free-working,  and  of  nice  open  grit 

Cefn,  a  yellow  grit  stone,  of  fine  grain,  is  found  in  Wales,  and  used  for 
most  building  purposes. 

Jfollinpon  is  another  good  weathering  sandstone,  either  red  or  white 
in  colour,  found  in  Staffordshire,  and  very  often  used  for  general  building 
purposes. 

IilmestoneB. — Limestones,  as  a  whole,  are  inferior  as  building  material 
to  sandstones  generally,  though  Portland  may  be  considered  as  excepted 
from  that  category.  They  consist  of  almost  pure  carbonate  of  lime,  and 
are,  of  course,  affected  by  the  sulphurous  and  smoky  atmosphere  of  large 
manufacturing  towns,  which  gradually  eats  away  the  stone.  Compared 
with  sandstones,  as  a  building  stone,  they  are  less  durable;  they  weigh 
from  116  to  150  lbs.  per  foot  cube,  withstand  a  pressure  of  about  250  tons 
per  square  foot,  and  are  much  more  easily  worked,  especially  when  freshly 
quarried  and  green  with  guarry  sap. 

The  best  of  the  limestones  are  dense  and  uniform,  both  in  structure 
and  composition,  with  a  fine  even  grain,  and  crystalline  texture ;  and  more- 
over, they  will  weather  well,  and,  especially  in  some  atmospheres,  are  the 
most  economical  stone,  being  preferred  for  their  uniform  colour  and 
facility  of  working.  They  are  often  coaled  with  other  substances,  to 
preserve  them,  as  will  hereinafter  be  explained. 

A  good  limestone  should  have  most  of  the  qualities  enumerated 
above,  absorb  no  more  than  17  per  cent,  of  water,  and  be  free  from 
any  earthy  or  dull  appearance.  There  are  several  classes  of  limestone, 
including  the  Compact,  the  Granular,  the  Shelly,  and  the  Magnesian.  The 
first  of  these  is  chiefly  used  for  road  material,  pavings,  etc.;  wherefore  it 
is  unnecessary  to  refer  to  it,  not  being  a  building  material. 

Granular  limestones,  as  the  name  implies,  consist  of  grains  of  car- 
bonate of  lime  cemented  together  by  the  same  substance  ;  and  they  belong^- . 
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to  the  Oolite  formation,  those  with  large  grains  being  called  Pisolites 
or  Pea  stones^  and  those  with  small  grains  Roe  stones^  because  they 
Tesemble  the  roe  of  a  fish  in  appearance.  They  are  of  a  brown  or  yellow 
colour,  and,  from  their  nature,  rather  absorbent,  and  liable  to  the  attack  of 
acid  in  a  town  atmosphere  ;  though  some  of  them  are  less  so  than  others, 
tnd  will  weather  well  in  ordinary  positions.  Among  their  number  must  be 
included  several  very  good  and  commonly  used  building  stones,  viz.  \ — 

Bath  Stone  is  perhaps  the  best-known  building  stone  in  the  country, 
being  a  free-working  oolite,  containing  95  per  cent  of  pure  carbonate  of 
lime,  and  of  various  kinds — including  Box  Ground,  Coombedown,  Monks 
Park,  Comgrit,  Corsham  Down,  Farleigh  Down,  Westwood  Ground,  and 
Winsley  Ground — ^all  similar  in  general  appearance,  and  only  to  be 
correctly  distinguished  from  one  another  by  a  skilled  and  practised  eye. 
St.  Aldhelm  Box  is  the  best  weathering  stone  of  the  lot ;  and  Corsham  or 
Monks  Park  is  the  most  suitable  for  external  work,  other  than  weatherings ; 
while  the  other  varieties  are  only  fit  for  interior  work,  though  they  are 
good  soft  suitable  stones  for  inside  purposes. 

The  Bath  Stone  quarries  are  really  stone  mines,  because  they  are 
worked  partly  underground,  the  depth  of  stone  varying  from  6  to  20  feet, 
running  in  fairly  level  beds,  increasing  in  depth  the  lower  they  get  The 
quarrying  is  done  by  the  use  of  pick  and  saw,  without  any  explosive, 
a  horizontal  groove  about  10  inches  high  and  5  feet  deep  being  picked  out 
next  the  ceiling  of  the  mine,  into  which  groove  the  quarryman  puts  a  saw, 
working  downwards  to  the  bottom  of  the  bed,  nearly  4  feet  down. 
Another  cut  is  then  made  at  a  distance  of  3  feet  from  the  last,  and 
directed  towards  it  at  the  back,  making  the  stone-block  narrower  at  the 
back  than  in  front  The  block  is  then  got  by  means  of  wedges  inserted 
under  the  bed,  at  the  bottom,  and  into  the  saw  cuts  at  the  side,  and  these 
being  driven  home,  they  burst  the  stone  off  at  the  back,  and  the  block  is 
brought  out  The  quarrymen  then  have  a  start  into  that  bed  or  beds, 
the  other  stones  being  easily  procured  afterwards,  and  trimmed  with  axes 
and  saws  into  the  required  sizes  of  blocks. 

The  colour  of  Bath  Stone  may  be  said  to  be  light  brown,  creamy,  or 
stone  colour.  It  is  of  a  nice,  even  nature,  and  good,  when  free  from  yellow 
or  earthy  beds,  easily  worked,  and  suitable,  in  one  or  other  of  its  varieties, 
for  most  purposes— especially  when  coated  with  the  Jluate  which  the 
"  Bath  Stone  Firms  Limited  "  recommend  as  a  means  of  hardening  and 
preserving  its  face — so  that,  taking  all  things  into  consideration,  it  is  a 
most  useful  building  stone. 

Portland,  containing  95  per  cent  of  pure  carbonate  of  lime,  is,  in  very 
many  ways,  a  splendid  stone,  of  the  Oolite  formation,  found  in  the  island 
of  Portland,  in  quarries  with  generally  three  different  beds,  in  use  for 
d  ifferent  purposes,  as  follows : — 
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The  roach  bed,  the  first  good  one  found  in  the  quarry,  is  a  mass  of 
fossils,  thoroughly  cemented  together  with  pure  carbonate  of  lime.  The 
fossils  are  like  a  corkscrew  in  form,  and  only  appear  in  this  bed,  which  is 
of  a  light  brown  colour,  very  tough  and  strong,  and  of  a  very  high  resist- 
ance to  llie  action  alike  of  air  and  water ;  so  that  it  is  in  great  requisition 
for  engineering  works  of  all  kinds,  though  not  for  ordinary  building  pur- 
poses, on  account  of  the  fossils  and  the  holes  in  it. 

The  whit  bed,  of  eitiier  a  white  or  brown  tint,  comes  next  to  flie 
roach,  and  is  a  fine,  open,  well-cemented,  hard,  and  crystalline  stone, 
suitable  for  the  best  buildings,  and  capable  of  taking  a  good  arris  and 
smooth  face,  while  it  weathers  excellently  well.  It  is  "  roe  "-like  in 
appearance  under  a  microscope,  and  hard  to  distinguish  from  the  "base 
bed,"  an  inferior  quality  found  lower  down  in  the  strata. 

Next  to  the  whit  bed  comes  the  bastard  roath ;  distinct  from  the  true 
roach,  which  it  resembles  in  appearance,  though  it  never  contains  the 
"screw"  fossil  among  its  mass  of  fossils,  and  its  cementing  matter  is  so 
bad  that  it  is  altogether  inferior;  in  (act,  not  fit  to  use  at  all  for  any 
purpose. 

The  baii  bed,  coming  next,  is  a  similar  stone  to  the  whit  bed,  but 
not  so  good,  being  softer  and  not  able  to  withstand  the  weather ;  though 
it  is  often  substituted  for  the  whit  bed,  from  which  it  can  hardly  be 
distinguished. 

Caen  is  a  soft,  creamy-coloured  stone,  used  only  for  internal  work, 
carving,  etc.,  and  is  found  in  Normandy. 

Chilinark,  Ttshury,  or  Wardour  stone  is  more  of  a  sandy  nature, 
found  near  Salisbury,  and  considered  to  be  a  good,  durable,  fair-working 
stone,  which  weathers  well,  and  can,  from  certain  beds,  be  adapted  for 
internal  staircases,  not  exposed  to  extraordinary  wear,  besides  being  suit- 
able for  general  purposes, 

Ketlon  is  another  good,  useful  stone  of  this  formation,  and  one  which 
shows  the  "roe-stone"  grains  very  plainly.  It  is  found  near  Stamford  in 
three  qualities,  the  hard,  medium,  and  soft ;  the  best  of  which  is  very 
durable,  free-working,  and  suitable  for  all  kinds  of  dressings  and  stairs. 

Of  the  Shelly  limestones,  the  only  one  of  any  note  used  for  building 
purposes  is  the  Hopton  Wood  (found  in  Derbyshire),  which  is  a  very  hard 
stone,  looking  well  on  account  of  the  fossils  it  contains.  It  is  cap.ible  of 
taking  a  polish,  and  is  suitable  for  steps,  staircases,  chimneypieces,  and 
other  ornamental  work. 

The  Magmiian  limestone  formation  supplies  us  with  a  few  good  stones, 
which  are  called  Dolomites  (as  previously  mentioned),  the  chief  variety 
being  Bolsotcr  stone,  found  in  Derbyshire,  of  a  light  yellow-brown  colour, 
and  of  great  durability.  It  is  crystalline,  and  very  even  in  texture,  and 
was  extensively  used  in  the  erection  of  the  present  Houses  of  Parliament 
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stone  Walling. — In  stone  walls,  the  material  Hhoiild  \k  li'imlcit  Jmt 
the  same,  and  for  the  same  object,  as  in  brick  walh— »>.,  an  tru'tnU 
breaking  joint  both  vertically  and  horizontally;  thotifjii  ttiin.  Tor  obvi'dii 
reasons,  cannot  be  done  in  nibble  walls.  Constniucntly  mucIi  walh  nn: 
weaker,  and  of  necessity  have  to  be  thicker  to  be  of  the  umc-  'Uijnt/,']* 
as  brick  and  other  uniformly  bonded  walls.  Moreover,  nibbl<:  wjilli 
the  sttxies  from  which  they  are  built  having  neither  itquarc  l>cds  tutt  inmm 
— require  a  greater  quantity  of  mortar  to  bed  each  irrvKularmhajx^'l  pi-i  •■ 
of  stone,  and  as  a  result,  there  is  more  and  uneiiual  iH.-tt)cfflcnt  in  tli>-f» 
on  tbe  drying  of  the  mortar.  This  is  a  defc.l  which  canrx^t  l«i|l  li«v'; 
prejuticial  results  when  rabble  walls  are  (aced  with  brick  'jt  »>»>•:,  wt  »<*li 
quare  b::b  and  jmnu,  and,  of  couiM^  less  mortar. 


uc  liiB  u«  iitsit  iiir.«Ti3^  w.  fj^te  '.--^^r  r,".-.,-:' 

-..  xA.    3111.    irW,   ;  .-,     ,:   v.,y  -jtf.    n     a»s^    /,;  / 
iron   -sr-^    iv    !*■.*     ■»'    *.;jr     r-^'-      'X   <fc">  ^  .^/'./ 
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no  uniform  mas3  as  it  should  be.     Another  disadvantage  is  that  "  through  " 
bonders  of  porous  stone  conduct  damp  and  moisture  into  a  building. 

The  courses  of  stone-fatinf,',  in  .iddition  to  special  bonders,  as  previously 


fi^ZQi 


explained,  should  not  be  ail  of  one  depth  on  the  bed,  where  it  is  possible 
to  have  them  of  depths  similar  to  brickwork — i.e.,  with  two  or  three  courses 
of  about  4f  inches  or  more  on  bed  to  one  of  about  g  or  is  inches,  and  so 
on,  in  like  principle  and  proportion. 


Fi^  204 


The  different  kinds  of  stone  walling  or  stone  facing  are—Haniiom 
■rubble,  illustrated  by  figs.  loz  and  203,  in  elevation  and  section;  from 
which  it  will  be  seen  that  it  is  stronger  and  more  solid  when  not  faced, 
though  weak  under  any  circumstances. 

Jiandoin  nthbU  buill  up  to  courses,  as  in  figs.  204  and  105,  is  little  better 
than  the  last,  though  levelled  up  at  evL'ry  fool  or  two  of  height. 
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Squartd cr  snecktd  umoitrsed  TubMe,  as  figs.  206  and  207,  is  far  supetJi 
1  every  way  to  either  of  the  preceding,  being  builc  of  stones  which  haW 
had  their  beds  and  joints  squared  or  snecked,  and  consequently  require 
Uas  mortar,  with   less  moisture   to  dry  up  and  cause   settlements, 
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snecked  or  squared  rubble, 
Uockers  rising  above  their 
high,  and  proportionate  to 


o  ensure  the  best  work,  the  jumpers,  or  large 
eighbours,  should  not  be  more  than  10  inches 
le  size  of  the  adjoining  courses. 


I 


Squared  or  snecked  nibble  hiilt  uP  /o  courses  U  illustrated  by  figs.  208    , 
and  109,  where  it  will  be  seen  that  this  kind,  like  "  rubble  built  i 
rijuises,"  though  of  stones  irregular  in  size,  can  be  buiit  up  and  levelled  a 
a  liorizontal  course  ever)'  13  to  18  inches  instead  of  every  course,  or  not  j 
at  all. 
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Squared  or  snecked  mmed  rubble,  which  it  will  be  seen  demands  Ihat 
eich  rise  of  stone  shaU  form  a  horizontal  course  of  ils  own,  is  illustrated  by 
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Ashlar,  as  shown  in  fig.  iii,  is  the  finest  of  all  facing,  being  built  on 
a  regular  system,  and  with  finely  chiselled,  perfectly  horizontal  bods  and 
vertical  juinls,  so  that,  when  set  in  the  work,  the  joints  show  no  more 


I 
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than  ^ih  of  an  inch ;  and  good  ashlar  is  never  supposed  to  rise  more  than 
9  or  lo  inches  in  a  course  ;  and,  in  limestone  or  soft  stones,  each  stone 
hould  be  no  more  in  length  than  three  limes  ils  height,  or  in  deptfa 
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times  to  twice  its  height — />.,  on  the  bed.  Sandstone  will  take  about  half 
as  much  again — />.,  4^  times  its  height  for  its  length,  and  from  2  to  3 
times  for  its  depth. 

Block  in  course,  which  really  is  large  ashlar,  or  that  which  exceeds  the 
limit  in  height,  rising  from  10  to  16  inches  each  course,  is  illustrated  by 
fig.  212. 

Limestone  Facings  (as  shown  in  figs.  206,  208,  210,  211,  and  212) 
may  have  the  faces  of  the  stones  treated  in  various  ways,  as  follows : — 

1.  Axedy  by  which  is  meant  that  the  face  is  gone  over  with  a  mason's 
axe,  leaving  rough,  irregular,  coarse,  vertical  ribs  or  marks. 

2,  Chopped,  which  is  a  superior  finish  to  the  last-named,  the  ribs  being 
much  closer  and  finer. 


3.  Rock-faced,  in  which  the  beds  and  joints  are  squared,  as  in  the 
others,  but,  from  a  line  all  round,  the  face  is  knocked  off  slanting  from 
tht  four  sides  towards  the  centre  to  look  rough  and  with  a  rock-like 
appearance. 

4.  Dragged  is  the  finish  made  on  plain  limestone  ashlar  by  means 
of  a  tool,  toothed  like  a  saw,  which  is  drawn  backwards  and  forwards 
aaoss  its  face. 

Combed  is  the  term  applied  to  the  finishing  off  of  moulding  in 
limestones. 

Sandstone  Facings  of  a  hard  nature  may  be  treated  as  follows : — 

1.  Scappled,  or  scabbled,  punched,  or  boasted,  which  are  terms  applied 
to  the  rough  labour  employed  on  beds,  and  the  rough  squaring  up  of 
hard  stones  for  engine  beds,  etc. 

2.  Chiselled  work  has  the  face  worked  over  either  on  the  straight  or 
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skew  wilh  a  chisd,  the  marks  vt  "bats"  often  being  as  dose  as  8  to 
[he  inch. 

3  Tooling  \s  done  wilh  a  broad  "chisel,"  the  strokes  being  parallel 
»  the  joints,  and  from  3  to  5  to  the  inch.  (This  is  called  "droved"  work 
in  Scotbnd.) 

4.  Ifiimmet-dressed  \s  the  tenn  applied  to  work  done  with  a  hammer 
with  a  chisel  point,  by  which  the  face  is  roughly  levelled,  leaving  indents 
where  the  chisel  has  been.     It  is  also  called  "  broached  "  work. 

5.  Sii'tched  work  is  similar  to  the  last,  but  more  finely  executed. 

6.  Drafted  and  broaclud  is  the  term  used  for  the  work  done  to 
quoins,  a  draft  or  margin  being  chiselled  or  tooled  round  the  face  of 
ihe  stone,  and  the  panel  enclosed  thereby  is  hammered  or  broached 
down  to  give  it  a  rough  appearance. 

7.  Drd/Ud  tind  diaiiiond-pkhed  or  hammired  work  is  similar  to  the 
List,  but  the  p.nnel  fiom  its  roughly  chiselled  face  is  "  picked  up''  by  a 
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number  of  small  points  in  the  form  of  a  hammer,  which  is  like  "  frcsted '' 
work  on  tombstones, 

S.  Vermicuhted  work  is  that  used  in  large  base  stones ;  the  face  being 
first  chiselled,  and  afterwards  lafge  deep  holes  are  picked  out,  no  mark 
of  the  tool  being  left,  as  in  fig.  213. 

9.  Rubbfd,  dtansed,  or  ptilhhcd  work,  as  the  name  implies,  has 
its  face  smoothly  rubbed,  after  being  chiselled  down  level  or  lo  the 
required  shape. 

10.  Pointed  work  has  its  face  first  chiselled,  after  which  the  "chisel 
hammer"  is  driven  along  its  face  longitudinally  with  a  long  sweep 
whereas  "  scutching "  is  done  with  short  strokes. 

Polled  work  is  the  term  applied  to  hard  stones  such  as  granite  and 
whinstones,  a  large  square  short  hammer  being  used  to  split  and  square 
up  the  stones. 

Some  stones,  and  especially  limestones,  in  some  atmospheres  will 
never  weather  nor  last  without  being  coated  over  wilh  some  material 
There  are  numerous  preparations  which  are  recommended  in  order  to 
prevent  this  decay,  those  containing  a  silicate  of  an  alkaline  nature 
being  the  most  efficacious ;    though   such  simple  things  as  paint,  soft 
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soap,  milk,  or  paraffin  are  frequently  used,  in  a  smaller  degree,  with  a 
fair  amount  of  success.  The  best  remedies  now  in  use  may  be. said 
to  be:  (i)  Szerelmy's,  said  to  be  a  bituminous  solution  of  a  silicate, 
which  is  applied  in  two  or  three  coats  with  a  brush  ;  and  (2)  Carbolinium 
Avenarius,  a  preparation  made  by  Peters  of  Derby,  which  is  said  to 
preserve  both  stone  and  wood  with  success.  The  Houses  of  Parliament 
were  coated  with  Szerelmy's  solution. 

The  Bath  stones  class  should  be  coated  with  the  "fluate"  recom- 
mended by  the  firms  who  supply  the  stone. 


CHAPTER  VI. 


STONE  DRESSINGS,  JOINTS,  AND  STAIRS. 

Plinths— Sills,  Heads,  and  Jambs — Mullions  and  Transoms — Hoods  or  Labels— Strings 
and  Cornices— Parapets  and  Balustrades— Quoins — Copings— Joints — Steps— Hand' 
railing. 

Stone  dressings  are  used  for  the  ornamental  finishings  of  a  building, 
being  worked  to  various  details  out  of  free-working  stones ;  and  they  ma) 
be  said  to  include  the  following  different  members  {vide  figs.  214,  etc.) : — 
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'         PlinthSy  the  horizontal  course   A,  on  fig.   214,  which  can  be  eithe 
chamfered,  as  shown  in  fig.  215,   or   moulded,  as  fig.  216,  a  "set-off 


generally  taking  place  at  this  level. 
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Si//i,as  at  B,  on  fig.  214,  are  the  finish  to  the  bottom  of  openings  for 
windows,  in  contrast  to  steps  for  doors,  their  object  being  to  throw  off  the 
«atcr  fthich  naturally  would  collect  on  a  flat  surface.     They  can  be  plain, 
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as  shoA-n  in  elevation  and  section  in  figs.  217  and  zi8,  or  moulded,  as 
%s.  219  and  220.  They  should  project  not  less  than  a  inches  beyond  the 
wall  line,  and  be  fhroafed  (as  at  X)  on  the  underside,  to  make  the  water 
drop  down. 
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Sills  are  built  into  the  jambs  from  3  to  6  inches ;  the  portion  on  which 
the  fir«  jamb,  brick,  or  stone  is  bedded  truly  ievel  as  a  bed  to  start  from  beini; 
called  a  s/ooling,  or  seat  (as  A  on  figs.  217  and  219);  the  weathering  at  I! 
being  stopped  and  worked  up  to  it,  and  the  moulding  mitred  and  returned 
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and  stopped,  as  on  figs.  319  and  220.  It  is  also  necessary  that  sills  be 
grooved,  to  receive  the  lower  half  of  a  metal  tongue,  of  which  the  upper 
half  is  also  let  into  the  undeiside  of  the  wood  sill,  to  stop  any  draught 
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from  getting  between  the  beds,  as  at  C,  figs.  218  and  320 ;  and  stone  sills 
are  only  bedded  in  mortar  under  the  jambs  and  mullions  to  prevent 
cracking  on  the  building  taking  its  settlement ;  they  are  "  pointed  up " 

afterwards. 
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Heads,  as  C  on  fig.  214,  support  the  wall  above  the  opening,  and  may 
be  either  plain  and  square,  as  tigs.  221  and  222,  moulded,  as  figs.  233  and 
224,  the  moulding  being  stopped  at  the  jamb,  or  stop- chamfered,  as  figs. 
225  and  226 — the  heads  in  the  preceding  cases  being  revealed  for  the 
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bead  of  (he  frame,  as  marked  X  in  figs.  233  and  334,  whereas  fig.  226  is 
plain  at  the  back. 
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Jambs,  D  on  fig.  314,  are  the  finishings  to  the  angles  of  openings,  where 
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stone  is  used  instead  of  bricks,  each  stone  being  made  of  such  dimensions 
as  will  work  in  with  the  bricks  without  cutting.  They  may  be  either 
moulded  plain  or  chamfered—  as  the  heads ;  and  those  which  are  the  wider 
on  the  face  (as  at  i,  figs.  337  and  zi8)  are  called  "  out-bands,"  and  the 


^ 


fit}  228, 

narrower  ones  (as  3t  a,  figs,  aa?  and  ajg)  are  called  "in-bands,"  because 
they  go  inwards  beyond  the  reveal,  and  are  checked  or  revealed  out,  for 
the  frame,  as  shown  on  plans  {figs.  318  and  tig)-  They  can  be  moulded 
or  chamfered  on  the  edge. 


Fis  230 

Mullions  are  the  upr^hts  between  two  lights  of  a  window,  as  X  on 
fig.  330 ;  and  they  may  be  either  square  on  plan,  as  at  A,  revealed,  as  B, 
or  moulded  and  panelled,  as  C  i^ide  iig.  331)- 

Transoins  divide  the  window-lights  horizontally,  as  Tr  on  fig.  230, 
being  weathered  on  the   top  bed  and  throated  underneath,  as  fig.   232, 
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and  with  stoolings,  like  sills,  to  give  the  perpendicular  members  a  level 
bed  to  start  from. 

Hoods  or  Labels  are  mouldings,  either  worked  on  the  solid  head  or  of 


thin  stone  moulded  on  the  edge,  as  fig.  233.    They  are  placed  over  window 
and  door-heads  to  give  them  a  greater  effect. 

Strings  are  longitudinal  horizontal  courses,  either  plam  or  moulded, 


running  round  a  bmlding  and  dividing  it  in  height,  as  it  were,  mto  floors, 
as  E,  fig  214,  or  simply  a  continuation  of  the  sills  between  openings, 
as  F.  Fig  334  gives  sections  of  a  plain  weathered  and  throated  and  a 
moulded  stnng  course 
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CortiUes  are  the  longitudinal  mouldings  which  go  along  the  top  of  the 
building,  as  H,  fig.  214,  being  weathered  on  lop  and  more  or  leas  moulded, 
as  fig.  135.  When  they  are  quite  plain,  and  only  used  for  supporting  the 
gutter  of  the  roof,  they  are  called  tatts  courses. 

Blocking  courses  are  the  top  members  or  crown  of  a  cornice,  as  G, 
fig.  214,  and  X,  fig.  235  :  whereas  a  frieze  is  the  plain  part  below,  and 
the  small  moulding  below  that  is  called  the  necking. 

Parapets  are  thin  walls,  at  the  eaves  of  a  roof,  behind  which  the  gutters 
are  formed  ;  and  they  take  the  place  of  the  blocking  courses,  where  greater 
height  is  required. 


\ 
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Balustrades  aic  vstA  (or  z  similar  purpose;  but  ihey  are  of  a  lighter 
and  more  ornamental  appearance,  consisting  of  turned  balusters  enclosed 
within  a  base  and  cornice,  as  fig.  236. 

Quoins  are  the  stones  used  at  the  angles  of  the  building,  being  made 
to  range  with  the  brickwork.  They  vary  in  size  from  iSinches  to  14  inches 
on  the  one  face  by  from  10  to  13  inches  high,  and  the  return  face  would 
be  9  or  14  inches  wide,  the  stones  being  of  the  same  size,  but  placed  alter- 
nately to  show  a  long  face  in  front  and  a  short  one  on  the  return,  and  tia 
versd,  as  figs.  237  and  238.  Of  course,  in  stonework  ihey  are  larger  in 
size,  according  to  the  character  of  the  building. 
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J'lain-eut  quoins  are  those  shown  in  figs.  337  and  238. 
Drafted  and  hammer-dressed  quoins  are  of  the  same  sizes,  but  with  the 
Cices  worked,  as  previously  explained  in  Chapter  V. 


s 
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Drafted  and  diamond-picked,  rock-faced,  vermiculated,  tooled,  or  chiselled 
quoins  are  similar  in  size  and  application,  but  worked  in  a  different  manner 
as  the  name  implies  i^de  also  Chapter  V.). 


r/eraffon. 


RMSticaled  quoins  are  as 
alternate  stone  at  the  bed. 


fig  23B 
339,  hf.v!ng  a  rebate  sunk  out  of  every 
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A  chamfer  on  each  joint  or  bed,  forming  a  V  joint  beti!\'een  the 
two  beds,  is  often  substituted  for  the  plain  rebate,  as  fig.  240 ;  or  again, 
the  joint  may  be  moulded,  as  fig.   241. 


Fi^24-o.  ri(j.24l. 

Birdsmouth  and  squint  quoins  refer  to  the  irregular  internal  and 
external  angles,  as  explained  for  bricks. 

Scuntion  quoins  are  the  rough  squared  angle  quoins  used  in  rubble 
walling  at  the  plumbings  of  internal  openings. 

Copings  to  walls,  otherwise   called   water  tabiings,  ate   explained   in 


Chapter  IV.  (figs.  193,  194,  195,  196,  and  197)  under  Brickwork  :  the 
same  remarks  and  illustrations  applying  to  stone  copings,  which,  it  must  be 
noticed,  are  much  extensively  used ;  and  especially  up  the  sloping  tops  of 
gable-walls,  as  X,  fig.  242. 

The  bottom  stone.  A,  with  the  coping  worked  on  it  as  shown,  is  called 
a  springer-,  that  at  the  top,  B,  the  apex,  being  similar  to  a  ridge ; 
and  intermediate  stones,  C,  whereof  the  object  is  to  give  the  coping  a 
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firmer  hold  on  the  wall,  are  called  kneekrs  or  knee-stones.  Fig.  243 
is  a  section  of  the  coping  described  as  moulded,  throated,  and  feather- 
edged^  because  it  is  weathered  from  a  thick  edge  to  a  thinner  one. 

It  is  almost  needless  to  remark  that  most  of  the  above  dressings 
are  worked  with  labours  similar  to  those  explained  in  Chapter  V. ;  so  that 
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a  special  name  given  to  a  particular  dressing  is  intended  to  convey  to  the 
student  the  manner  of  the  labour  that  it  has  had  upon  it,  as  previously 
explained  with  regard  to  quoins. 

Good  masonry  often  requires  that  the  joints  be  secured  together  by 
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special  means,  so  that  the  various  members  may  be  united  into  one 
°^ass,  in  length  as  well  as  in  height.  Longitudinally  they  are  bound 
together  by  means  of  cramps^  which  are  strips  of  galvanised  iron  or 
copper,  turned  down  at  each  end  into  each  of  two  adjoining  stones  and 
^  in  with  molten  lead,  or  "  leaded  in,"  as  figs.  244  and  245. 
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liad  dovetails  or  plugs  consist  of  a  wedge-shaped  mortise  cut  into 
^h  stone  at  this  joint,  as  fig.  246,  and  run  in  with  lead,  which  binds 
*he  two  stones  together.  Sometimes  this  dovetail  is  mortised  out  below 
*e  bed  of  the  stones  at  the  joints,  as  fig.  247,  the  lead  being  poured 
in  through  the  hole  from  the  top  or  bed-joint. 
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Rebated  joints  are  suitable  for  copings  to  gables  and  similar  work, 
a  rebate  being  sunk  out  of  each  stone  alternately,  as  fig.  248,  one  stone 
lapping,  as  it  were,  into  the  rebate  of  the  other. 

The  stones  are  secured  vertically  by  means  of  dowels,  either  of 
pebbles,  slate,  or  copper,  about   i   inch  square,  and  of  different  lengths, 


fi9  U3 

according  to  ciicumstances ;  one  half  or  part  being  let  into  the  top  bed 
of  the  bottom  stone,  the  other  half  going  into  a  similar  mortise  on  the 
bottom  bed  of  the  upptr  stone,  as  fig,  249.  They  are  run  in  with  cement 
10  render  them  firm  and  to  fix  the  dowels  securely  in  the  mortises. 
This  joint  IS  verj  suitable,  and  much  used  for  securing  muUions  to 
sills,  heads,  and  transoms  at  the  stoolings. 


Joggle  joints  are  used  to  connect  stones  in  different  positions,  this 
form  of  joint  being  suitable  for  ashlar,  as  well  as  for  cornices,  strings, 
landings,  etc-  The  simplest  form  of  it  is  to  cut  a  V  groove  roughly  on 
the  joints  of  adjoining  stones,  as  fig,  ssc,  and,  when  they  are  bedded 
up  to  each  other,  to  run  into  the  hole  liquid  cement,  which  sets  hard, 
and    connects   the   stones    together.      Landings   are  Jflgglt Jointed,   as    in 
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;  let 


*£g.  351,  ihe  (ongtie,  as  it   may  be  called,  on  the  one  stone  b 
into  a  groove  of  similar  section  on  the  other. 

Tabttd  joints  are  little  used,  but  they  are  formed  by  lettit\g  a  wide 
projection  of  one  stone  into  a  sinking  in  anoiher. 

Cornices  and  other  large  projections  often  have  their  joints  saddled, 
which  is  done  to  throw  the  water  off  the  joinLs,  l>eing  carried  out  by 
leaving  a  projection  or  stop  on  the  weathering  at  the  Joint  at  each  end 
of  each  stone,  as  fig.  152. 
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P\  Dressings  for  ifotie  stairs  have  the  same  naines  and  terms  (as  far  as 
thev  go)  applied  to  them,  as  will  be  explained  under  "wooden  stairs," 
Chapter  XIX.,  to  which  the  student  is  referred.  But  stone  stairs,  unlike 
wcxmI  stairs,  are  of  simple  construction,  though  they  may  be  of  the  same 
various  kinds. 

Stone  steps  consist  of  solid  blocks  of  stone,  of  various  sections — square, 
as  fig.  153,    and    spandril,  as    fig.    354 — each    being  plain   or  moulded, 
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according  to  taste.  They  are  supported  by  !)eing  built  into  the  walls 
from  4J  to  9  inches,  according  to  the  width  of  the  stair  and  the  projection 
of  the  steps,  or  the  distance  to  which  they  hang  out.  Some  kinds, 
however,    are  built  with   both  ends  into    the  walls,  as  in  straight  stairs 

lilar  to  fig.   79S  (Chapter  XIX.). 

Gog-Ugged  stairs,  as  fig.  804  (Chapter  XIX.},  whether  with  or  without 
inders,  and  oj-en,  or  gtomelrical  stairs,  as  expiained  by  figs.  811,  815 
(Chapter  XIX.),  are,  of  course,  essentially  hanging  stairs,  tailed  into  the 
enclosing  staircase  walls  from  4I  to  13  inches,  as  required,  the  landings 
also  being  treated  in  the  same  manner.     Each  step  is  supposed  to  assist 

lupponing  those  above  it,  and  for  that  purpose,  and  for  better  work- 
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manship,  they  are  joinled,  as  figs.  255,  356,  and  257;  the  latter  beir 
section  of  a  moulded  step,  of  which  the  end  view,  with  the  mouh 
returned,  is  shown  on  fig.  258. 


The  soffits  are  generally  left  plain,  with  a  nibbed  face. 

Circular  stairs,  or  turret  steps,  are  built  up  of  steps  of  a  form  illustn 
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by  fig.  239,  the  wide  ends  being  built  into  the  wall  and  the  rounded 
ends  laid  one  upon  the  other,  forming  a  sort  of  newel  in  the  centre, 
from  which  all  the  risers  radiate,  appearing  on  plan  as  lig.  260. 


Fi^.e. 


The  handrailing  of  stone  stairs  is  generally  supported  by  wrought- 
iion  bar  balusters,  about  i  inch  square,  mortised  and  leaded  into  the 
tread  of  each  step,  though  sometimes  they  are  secured  by  burning 
liquid  sulphur,  which  sets  very  hard  on  cooling. 


Fiff.SSS. 

Fig.S60. 

The  newels  may  be  of  wrought  or  cast-iron,  according  to  the  amount 
*nd  class  of  ornament  required,  mortised  and  leaded  into  the  steps  (like 
"le  balusters).  The  whole  may  be  filled  in  with  scroll-work  or  other 
"""Wient,  to  make  it  showy  and  light,  according  to  taste.  The  tops 
<^  the  balusters  and  handrail  are  connected  by  a  thin  wrought-iron 
°*fi  which  is  sunk  into  the  underside  of  the  handrail,  and  secured  by 
'^^'ni,  making  the  staircase  and  its  requisite  accessories  one  connected 
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I    Had   Timber— Seasoning  of 
n — Oak— Teak— MaliogBBj — 


faipentry  and  Joinery—  Wuwl  in  tlie  Tifv— 
Timber— Prcserval ion  of  Timber— Uea!  oi 
\Valnul— Beech -Ash— Sycnmore-Iiirch. 

Carpentry  and  Joinery.— In  one  or  other  of  its  manj-  and  \aried 
kinds  and  forms  wood  is  the  material  which,  In  the  building  trade,  almost 
exclusively,  as  it  were,  belongs  to  the  carpenter  and  joiner,  bdng  the 
chief  material  to  which  their  labours  are  devoted.  It  will,  therefore,  be 
advisable,  before  entering  upon  a  detailed  description  of  the  various 
kinds,  to  explain  the  difference  between  the  two  trades  al>ove  named  ;  for, 
although  practically  allied,  each  uses  either  a  different  kind  of  wood,  or 
different  tools  to  work  it,  or  deals  with  it  in  a  different  method  or  form, 

Carpentry,  generally  speaking,  is  the  term  applied  to  the  woodwork 
in  the  carcase  of  a  building,  including  centres,  floors,  roofe,  partitions, 
and  other  rough  framings,  which  are  required  for  construction,  and  are 
intended,  figuratively  speaking,  to  be  the  foundation  for  the  other  trades, 
including  that  of  the  joiner. 

Carpentry,  in  other  words,  is  the  art  of  putting  together  or  framing  the 
rough  materials  which  form  the  carcase  of  a  building;  whereas  joinery 
deals  with  the  completion  of  the  building  as  regards  interior  finishing, 
convenience,  utility,  and  adornment. 

In  the  former,  the  principal  tools  required  by  the  workman'.are  the 
saw,  axe,  chisel,  and  hammer,  with  which— with  the  supplementary  aid  of 
nails,  screws,  and  bolts — it  is  assumed  that  he  can  put  together  and  fi.t 
the  various  framings  of  wood  which  are  required,  from  time  to  time,  to 
complete  the  skeleton  of  the  building. 

It  must,  however,  be  understood  that  the  carpenter  requires  quite  as 
good,  and  certainly  as  many  tools,  to  (ix  in  position  the  various  finishings 
— whether  they  be  doors  and  windows  with  their  frames,  dados,  skirtings, 
or  any  other  kind  of  moulding  or  framing— as  the  joiner  uses  in  maki^ 


maki^^^ 
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moulding,  and  framing  together,  in  the  shops,  those  several  framed  finish- 
ings ready  to  be  sent  to  the  buildings  for  the  carpenter  to  fix  in  their 
proper  positions. 

It  must  also  be  borne  in  mind  that  quite  as  much  care  is  required  in 
fixing  as  in  making  all  kinds  of  joinery,  especially  in  mitring  and  scribing 
the  various  mouldings,  etc.,  together — all  joints  in  joinery  having  to  be 
made  with  the  same  nicety  and  regularity,  whether  those  joints  be  made 
by  the  joiner  in  the  shops,  or  by  the  carpenter  on  the  building,  in 
position. 

The  carpenter,  in  fixing,  must,  of  course,  be  acquainted  with  the  same 
varieties  of  i¥ood  as  the  joiner  (a  full  description  of  joiner's  woods  will 
be  given  later  on) ;  but  in  ordinary  carpentry,  or  framing  together  of  the 
rough  carcase  of  a  building,  the  following  woods  only  are  met  with,  as 
a  rule,  though  perhaps  others  may  be  used  in  special  cases,  the  woods 
being  mentioned  here  in  their  order  of  precedence,  from  the  point  of  view 
of  their  utility: — 

1.  Pine^  under  which  name  are  included  balk-timber  of  different  kinds, 
^d  fir,  in  planks,  deals,  battens,  etc.  These  are  what  are  called  soft 
woods,  and  found  generally  in  cold  climates. 

2.  Oak, 

3.  Elm, 

4.  Teak  and  Greenkeart. 

These  three  are  generally  called  "hard ''  or  "  leaf**  woods. 

On  the  other  hand,  the  joiner  requires  a  plane  in  addition  to  chisels, 
saws,  hammers,  etc,  to  complete  his  work,  which  includes  the  doors, 
windows,  and  other  external  and  internal  finishings  of  a  building,  whether 
required  for  comfort,  utility,  or  Ornament.  His  business  is  to  join  and 
put  together  the  finishings ;  and  the  woods  on  which  he  generally 
labours  are: — 

1.  Pine,  but  of  a  "kinder**  nature  and  considerably  better  quality  than 
that  required  for  carpentry. 

2.  Oak, 

3.  Mahogany, 

4.  Teak, 

5.  Walnut 

These  four  latter  woods,  being  hard,  more  beautiful,  and  much  more 
expensive,  are  only  used  in  best  work. 

Before  proceeding  to  a  full  description  of  each  kind  of  wood,  with  its 
\-arying  characteristics,  uses,  etc.,  it  will  perhaps  be  advisable  to  deal  with 
a  few  general  points,  including  the  growth  of  the  tree,  the  main  charac- 
teristics of  good  timber,  and  its  defects,  the  means  of  seasoning  and 
preserving  it,  and  a  few  remarks  as  to  the  selection  of  good  timber,  and 
some  of  the  peculiarities  which  are  to  be  avoided. 
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Wood  in  the  Tree.— All  trees  which  provide  us  n-ith  material 
for  the  carpenter  and  joiner's  use  are  what  are  called  outward -growing 
trees— that  is  to  say,  those  whereof  the  gradually  increased  size  is 
brought  about  by  successive  layers,  which  might  be  said  to  be  formed 
around  the  circumference  of  the  stem  or  trunk,  and  dose  underneath 
within  the  bark.  Each  year  generally  adds  one  of  these  layers  or  rings, 
and  consequently  they  are  called  annua!  rings  :  but  each  ring  is,  as  it  were, 
double,  being  made  up  of  two  distinct  layers  of  a  different  nature  and 
colour.  The  darker  layer  is  more  apparent  in  certain  kinds  of  timber. 
and  is  usually  a  source  of  weakness  in  a  varying  degree ;  inasmuch  as 
being,  for  the  most  part,  composed  of  resin,  it  is  of  a  soft  nature,  with  very 
Hltle  power  of  resistance  to  either  compression  or  tension  ;  while,  on  the 
other  hand,  the  lighter-coloured  layer  is  that  which  possesses  the  greater 
tenacity. 

The  growth-processes,  of  which  these  annular  rings  are  the  result,  are 
briefly  as  follows  r  The  tree,  during  the  autumn  and  winter,  having  been  to 
all  appearances  dead,  when  spring  comes  round  absorbs,  by  means  of  its 
roots,  a  considerable  amount  of  moisture  out  of  the  soil ;  and  this,  in  the 
form  of  sap,  ascends  the  cellular  lubes  of  the  tree,  and  causes  the  leaves 
and  signs  of  life  to  appear.  As  summer  advances  the  leaves  become 
stronger  and  of  more  substance,  owing  to  the  carbon  extracted  by  them 
from  the  air ;  and  as  autumn  again  draws  near  the  sap,  in  its  more  sub- 
stantial state,  begins  to  descend,  leaving  a  layer  of  wood  immediately 
under  the  bark  ;  then  the  leaves,  owing  to  the  loss  of  nourishment,  drop 
off.  This  action  takes  place  each  year,  so  that  the  age  of  a  tree  (in 
ordinary  climates)  can  be  ascertained  by  the  number  of  its  annular  layers 
or  rings.  In  cold  climates,  where  of  course  trees  do  not  grow  so  fast,  the 
rings  are  not  so  thick,  and  the  inner  or  "  heart  "  wood  is  more  compressed  : 
so  that  timber  of  slow  growth  is  considered  to  be  of  greater  strength.  The 
"  heart "  wood  or  "  duramen  "  is  the  strongest,  best,  and  most  durable 
part  of  the  tree,  the  outside  or  sappy  part  being  considerably  weaker,  and 
practically  unfit  for  use. 

In  addition  to  the  annual  layers  or  rings  just  explained,  trees  have 
what  are  called  medullary  rays,  which  are  thin  and  generally  broken  lines, 
radiating  from  the  centre  or  pith  to  the  bark,  and  vice  versii,  as  fig.  261. 
These  medullary  rays  or  transverse  septa  are  not  very  easily  seen  in  some 
woods,  but  in  some  kinds  of  oak  they  are  very  apparent ;  and  if  the  wood 
is  cut  obliquely  they  form  a  very  beautiful  figure,  as  it  is  commonly 
called,  but  also  known  as  felt  or  silvered  grain,  from  its  light-coloured, 
and  hard,  polished  appearance. 

It  may  be  as  well  to  mention  that  trees  generally  should  be  felled  in 
the  middle  of  the  winter,  when  the  sap  has  descended  and  the  tree  is  at 
rest    There  is  also  a  proper  age  for  the  felling  of  trees,  as  the  young  ones 
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are  fiill  of  sap,  and  the  old  ones  decayed  at  the  heart ;  but  only  experience 
will  enable  one  to  judge  of  the  proper  time  to  fell,  as  the  period  at  which 
a  tree  may  be  said  to  be  at  its  prime  varies  from  50  to  150  years. 

Good  and  Bad  Timber. — ^The  characteristia  of  good  and  the  defacts 
of  bad  timber  may  be  dealt  with  simultaneously.  Good  timber  should  be 
cut  from  the  heart  wood  of  a  well-matured  tree,  free  from  sap  (of  either 
white  or  blue  colour),  as  well  as  from  large  loose  or  dead  knots,  shakes 
(whether  they  be  cup,  heart,  or  star  shakes),  rind-galls,  and  unevenness  of 
colour.  It  should  be  regular,  straight,  and  close  in  the  grain,  and  when 
pkned  its  shavings  should  be  long  and  stringy  ;  and  it  should  shine  when 
worked,  smell  sweet,  and,  when  struck,  give  forth  a  clear  sound ;  the  fibres 
should  be  so  straight  and  continuous  that,  when  converted,  very  few  of 
tbem  would  be  cut  through.  The  heart  itself  of  a  tree  is  much  given  to 
"Jhaltes." 

Wood  is  a  conductor  of  sound,  and  the  soundness  of  a  log  is  often 
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ascertained  by  the  way  in  which  it  transmits  a  "tap  "  from  one  end  to  the 

other.     Failure  as  a  sound  conductor,  or  the  transmission  of  a  dull  sound, 

indicates  decay. 

Sap  is  the  most  common  defect  in  the  timber  of  to-day,  and  is  the 

result  of  the  converter's  desire  to  get  as  much  bulk  of  timber  as  possible 
out  of  his  tree,  and  being  thus  obliged  to  cut  outside  the  circle  of  the  hard  or 
heart  wood  into  the  sap.  Sap  is,  therefore,  found  at  the  sides  or  edges 
of  the  wood.  Sap  can  either  be  of  a  blue  or  white  colour ;  the  one  is  as 
bad  in  the  end  as  the  other.  They  both  lead  to  decay,  and  in  varnished 
work  cause  a  dark  stain.  There  is  no  cure  for  it,  and  it  must  be  cut  away. 
Knots,  of  whatsoever  kind,  whether  hard,  loose,  or  dead,  are  a  source 
of  weakness,  as  they  break  the  continuity  of  the  fibres ;  but  they  are  not  so 
serious  a  defect  when  hard  and  sound,  except  in  the  centre  of  a  beam, 
or  where  great  tensile  strength  is  required.  The  presence  of  a  lai^e 
quantity  of  knots  is  always  a  serious  defect  in  timber. 

Cup  shakes  are  those  which  encircle  the  pith  and  separate  the  annual 
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rings  in  a  curved   line,  and,  unless  they  are  long  and  separate  a  large 
portion,  they  are  not  dangerous,  vide  fig.  262. 

Hiart  shahs,  the  most  common  of  shakes,  occur  at  the  centre  of  the 
tree,  and  radiate  towards  the  bark,  as  fig.  263.  'I"hese,  of  course,  weaken 
the  wood,  and  render  it  impossible  to  convert  the  tree  into  large-sized  stuff. 

Stiir  s/iakfs  are  similar  to  the  last-named,  but  more  numerous  from  the 
centre  of  the  tree. 

Rind  galls  are  the  result  of  the  growth  of  the  tree  over  a  place  where  a 
branch  has  been  improperly  cut  off.  They  usually  take  the  form  of 
irregular  swellings. 

Unevenmss  ofcnlnur. — This  defect  Includes  both  "  foxiness  "  and  "  doati- 
ness,"  the  former  being  a  red  or  yellow  stain,  which  betokens  decay,  and 
the  latter  a  speckled  stain  foreboding  the  same  thing,  which  is  met  with 
in  American  o;ik  and  beech. 

Seasoning  of  Timber. — On  the  principle  that  prevention  is  always 
better  than  cure,  we  will  deal  first  with  the  seasoning  of  timber,  which  i^ 


the  next  thing  in  importance  to  be  attended  to  after  the  wood  has  been 
procured  from  a  fully  matured  tree.  The  object  of  seasoning  timber  is 
to  get  rid  of  the  sappy  moisture  which,  as  has  previously  been  pointed  out 
in  these  notes,  is  a  great  source  of  decay.  This  can  be  done  by  either 
drying  up  or  driving  out  the  superfluous  moisture,  a  proceeding  which 
of  course  reduces  the  weight  of  the  timber.  Tredgold  maintained  that  the 
timber  was  not  seasoned  and  fit  for  carpenter's  use  until  it  had  lost  one-fifth 
of  its  original  weight  ;  and  for  joiner's  work  he  considered  that  iti  should 
have  parted  with  moisture  to  the  extent  of  one-third  its  weight  before  it 
was  fit  for  best  work. 

There  are  several  methods  of  attaining  this  end,  the  chief  of  which  are 
as  follows : — 

Natural  seasoning  is  a  very  simple  procedure,  and  consists  of  stackii^ 
the  timber,  after  it  has  been  converted,  edgewise  on  perches,  so  that, 
while  the  air  can  have  free  access  all  round  it,  the  sun  and  wet  can  only 
touch  the  edge. 
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"Rie  method  of  operating  is  briefly  explained  thus :  One  length  of 
timber  is  reared  edgewise,  and  alternately  from  the  sills  of  B  and  D 
(fig.  2G4),  which  should  protect  the  bottom  of  the  board  from  the  danip 


arising  to  the  cross-piece  C ;  by  which  means  they  are  secured  from 
moving  at  the  top,  and  the  air  can  circulate  all  round  the  wood,  except  just 
immediately  over  the  cross-piece,  without  exposing  the  width,  the  greater 
surface,  to  the  weather. 
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Floor-boards  and  other  thin  woods  are  somecimes  stacked  on  the  flat, 
on  bearers  raised  off  the  ground,  with  a  lath  between  each  row  of  boards, 
thus  (fig.  265).  They  are  generally  covered  over,  on  the  top  only,  with 
felt  or  other  waterproof  material. 

In  lat^e  yards  the  timber,  of  all  si^es,  is  slacked  under  covered  sheds, 
whereas  it  is  best  perched  in  the  open,  if  in  a  shady  position. 

The  seasoning  process  requires,  for  complete  drying,  about  a  year,  for 
every  inch  in  thickness,  for  converted  and  sawn  oak  or  other  hard  woods, 
when  perched  or  stacked  under  ordinary  circumstances,  and  for  fir  and 
other  soft  woods  about  half  as  long. 

Next  lo  the  natural  seasoning  comes  the  water  seasoning,  which  is 
a  simple  method  of  washing  the  sap  out,  though  this  is  generally  applied 
only  lo  logs.  It  consists  of  submerging  the  whole  ai  the  timber  under 
either  ordinary  or  salt  water;  the  former  being  preferable,  as  the  latter 
water  has  a  tendency  not  only  lo  harden  the  wood,  but  also  to  attract 
moisture  when  in  the  work,  inasmuch  as  salt  is  generally  affected  by  any 
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excess  or  variation  of  humidity  in  the  atmosphere.  The  logs  are  kept 
wholly  under  the  running  water  until  the  sap  has  had  time  to  get  washed 
out,  then  the  logs  are  taken  out,  dried  by  the  air,  and  cut  to  sizes ;  for 
unless  they  are  dried  before  use  they  will  be  subject  to  dry  rot. 

Boiling  and  steaming,  or  the  hot-air  mdhod,  are  similar  :  thai  is  lo  say, 
in  the  one  the  sap  is  supposed  to  be  driven  out  by  the  hot  water,  and  in 
the  other  by  the  steam  or  hot  air.  They  are  all  quicker  processes  than 
either  water  or  natural  seasoning  ;  but  they  are  certainly  more  expensive, 
and,  moreover,  they  have  injurious  effects  on  the  timber,  by  reducing  its 
strength  and  elasticity. 

It  may  be  as  well  to  mention  that  many  kinds  of  timber  require  more 
than  one  seasoning,  because  each  time  ihe  surface  is  planed,  or  anything 
is  taken  off,  the  wood  is  apt  to  shrink,  as  ihe  air  seems  to  harden  the 
outside,  and  form  a  casing  lo  the  inside,  and  thus  prevent  its  penetrating 
the  wood  under  ordinary  circumstances.  This  more  particularly  applies 
to  floor  boards  and  joinery,  where  the  least  shrinking  is  noticeable. 

Preservation  of  Timber.— The  object  in  preservation  of  limber  is  to 
save  it  from  rot,  whether  wet  or  dry,  There  are  many  different  ways  and 
patented  methods  of  trying  to  prevent  these  forms  of  decay  ;  but,  before 
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proceeding  to  explain  them,  it  will  be  as  well  to  say  a  few  words  on  wet 
and  dry  rot 

JVe/  rot  is  really  the  decomposition  of  the  wood,  especially  the  sappy 
portions ;  and  it  takes  place  while  the  tree  is  standing,  and  also  when  the 
gases  can  escape ;  whereas  dry  rot  occurs  in  the  converted  timber,  and  is 
generally  brought  about  by  fermentation,  the  result  of  confinement  and  lack  of 
circulation  of  the  air,  which  causes  a  fungus,  similar  to  a  cobweb,  to  encircle 
the  wood  and  suck  its  very  nature  out,  until  it  is  reduced  to  a  powder. 

Wood  is  most  subject  to  dry  rot  when  in  damp  and  warm  situations, 

with  no  circulation  of  air.      Ground-floor  joists,  with  no  ventilation,  or 

with  misplaced  ventilation,  are  soon  attacked  by  it.    The  ventilation 

should  be  placed  where  the  air  can  circulate  underneath  the  whole  floor. 

The  comers  are  generally  ignored,  and  the  result  is  soon  apparent     The 

same  result  arises  from  timbers  built  into  damp  walls  without  a  passage  of 

air  around  them.     Oilcloths  also  favour  this  form  of  decay,  which  is  very 

difficult  to  get  rid  of.     \Vhen  once  in  a  building  it  soon  spreads  all  over. 

Dry  rot,  of  course,  renders  timber  dead  as  far  as  sound  goes.    A  log  may 

be  good  outside,  while  the  inside  is  a  mass  of  dry  rot.    This  can  be 

detected  by  the  fact  that  it  will  not  conduct  a  sound  from  end  to  end ;  or, 

in  boring  it,  after  the  outside  skin  is  penetrated,  there  is  nothing  but 

powder  to  resist  the  pressure. 

The  simplest  method  of  preservation  is,  of  course,  to  paint  or  tar  the 
vork,  care  being  taken  that  the  wood  itself  has  previously  been  thoroughly 
seasoned,  or  the  paint  will  keep  the  moisture  in,  and  be  itself  the  cause 
of  decay.     The  same  thing  applies  to  charring  the  ends  of  posts,  joists, 
etc,  and  creosoting.    This  latter  is  a  process  by  which  a  mixture  of  oil 
and  tar  is  forced  (under  pressure  in  tanks)  through  the  pores  of  the  wood. 
Iliis  is  the  most  common,  and  perhaps  the  best,  way  of  preserving  timber 
which  is  required  to  withstand  damp,  especially  sills  and  posts  resting  on 
or  in  the  ground ;  but,  at  the  same  time,  it  is  an  objectionable  method, 
because  it  makes  the  timber  of  a  dark  brown  colour,  almost  black,  and 
very  greasy ;  and,  moreover,  the  whole  of  the  piece  must  be  treated  in  the 
same  way,  so  that  nothing  can  afterwards  be  done  to  make  it  look  respect- 
able.    It  will  take  neither  paint  nor  whitewash.    In  this  respect  it  is  that 
charring  is  fox  superior,   though   not  so  generally  used,  as  it  is  only 
necessary  to  char  that  portion  of  the  timber  which  is  required  to  withstand 
more  than  ordinary  moisture. 

Among  the  patent  processes  the  most  common  are  : — 
Bumei%  by  which  the  timber  is  soaked  in  a  watery  solution  of  chloride 
of  zinc,  in  the  proportion  of  4  gallons  of  water  to  i  lb.  of  chloride  of  zinc. 
The  advantage  of  this  process  is  that  it  is  colourless,  and  protects  the 
heart;  whereas  the  creosote  is  more  greedily  taken  by  the  sappy  part. 
This  mode  is  very  much  used  for  wood-blocks  for  paving. 
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Boucherit's  method  consists  of  forcing  sulphate  of  copper  through  the 
pores,  but  not  in  a  tank,  as  in  creosoting,  the  liquid  being  in  this  case 
poured  into  a  hole  at  Ihe  top  of  the  log,  and  the  weight  of  the  liquid 
coming  from  a  tank  above  forces  the  other  through.  The  disadvantage  of 
this  method  is  that  the  wood  has  to  be  cut  into  to  allow  the  liquid  to  get 


Pttfri  (of  Derby)  CarboUnium  is  a  mixture  similar  to  creosote,  which 
is  put  on  the  ends  of  joists.  It  can  be  applied  with  a  brush  before  the 
joist  is  placed  in  the  building ;  and  it  is  said  to  be  a  great  success.  It  is 
also  used  on  all  wall-plates  and  other  members  generally,  whenever  biiill 
within  or  into  the  walls. 

Kyanising  consists  of  injecting  corrosive  sublimate,  dissolved  and 
diluted  with  water,  into  the  wood.  It  is  said  to  be  efficacious  in  pre- 
venting rot,  and  is  especially  used  for  seasoning  railway  sleepers,  having 
2T\  advantage  over  creosoting,  in  that  it  does  not  make  the  wood  so 
inflammable. 

Deal  or  Pir. — Pine,  red  and  yelltno  fir,  or  "  deal,"  as  it  is  commonly 
though  incorrectly  called,  is  obtained  from  the  northern  pine,  a  fir-tree 
which  is  grown  a  little  in  Scotland,  but  chiefly  in  Norway,  Sweden,  and 
Russia,  It  is  either  of  a  red  or  yellow  colour,  very  full  of  resin  in  quickly 
grown  stuff,  works  easily,  and  is  used  for  all  ordinary  purposes  in  this 
country,  whether  for  joinery  or  carpentry.  The  ordinary  trees  are  cut  up 
into  widths  of  7,  g,  and  ii  inches,  by  aj,  3,  and  4  inches  in  thickness, 
and  in  from  zo  to  zs-feet  lengths,  according  to  district ;  but  the  best  and 
largest  trees  are  converted  into  "  balk  timber,"  which  commands  a  higher 
price,  owing  to  its  scarcity,  and  varies  in  size  (rom  13  to  18  inches  squarCi 
and  up  to  35  feel  in  length. 

While  dial,  cut  from  the  spruce  fir,  has  not  the  strength  and  durability 
of  the  red  or  yellow  kind  ;  it  is  of  a  very  dry  fibre,  full  of  loose  dead 
knots,  and  only  fit  for  p.iinted  work  in  common  joinery. 

Fir,  of  whatever  kind,  has  very  indistinct  medullary  rays,  and  the 
closer  the  annual  rings  the  stronger  it  is;  though,  at  the  best,  it  has 
very  lillle  bearing  strength,  or  power,  or  resistance,  owing  to  the  trees 
being  felled  before  they  have  arrived  at  the  age  of  maturity. 

Balk  limber  is  imported  chieiiy  from  the  ports  of  Memel,  Danuic, 
and  Riga  on  the  Baltic ;  while  the  planks,  deals,  and  battens — as  Ihe 
ii-inch,  g-inch,  and  7-inch  widths  are  respectively  called — come  from 
Norway,  Sweden,  Northern  Russia,  and  Finland,  countries  where  the 
coldness  of  the  climate  does  not  allow  of  the  trees  growing  to  a  si« 
suitable  for  balk  limber. 

Memel  balk  timber  is  of  a  coarse  nature,  neither  of  slow  nor  quick 
growth;  and  only  suitable  for  carpentry  and  engineering  purposes,  owing 
to  its  coarse  grain,  and  the  large  quantity  of  resin  which  it  contains. 
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There  are  two  or  three  qualities  of  this  variety,  and  it  is  generally 
considered  the  strongest  timber  in  the  market,  on  account  of  its  straight 
f)bi;:es  and  freedom  from  knots  and  shakes. 

Danizic  balk  timber  is  chiefly  grown  in  Prussia,  and  is  of  a  more 
knotty  nature  than  Memel,  though  harder,  cleaner,  and  closer  in  the 
grain ;  but  it  is  nevertheless  considered  inferior. 

J^iga  balk  timber — ^almost  unknown  now  in  the  market — is  similar  to 
the  other  two  qualities,  being  of  a  very  straight  growth,  comparatively  free 
from  sap,  but  rather  shaky. 

Norwegian  planks,  deals,  and  battens  are  distinguished  by  the  blue 
stencil  marks  on  their  ends.  They  are  either  white  or  yellow,  and  not 
of  a  very  first-class  quality ;  being  only  fit  for  carpentry  and  scaffolding, 
though  a  large  quantity  comes  into  this  country  converted  into  fioor 
boards,  match-boarding,  etc.  Drammen  and  Christiania  are  the  chief 
ports  of  shipment. 

Swedish  planks,  deals,  and  battens  are  imported  from  Gefle,  Soderhamn, 
Stockholm,  and  many  other  ports,  and  are  distinguished  by  a  red  stencil 
mark  on  their  ends.  They  are  superior  to  Norwegian,  the  best  qualities 
being  very  sound,  even,  and  comparatively  free  from  sap.  They  are  used 
chiefly  for  carpentry,  floors,  etc. 

Russian  planks,  deals,  and  battens  are  more  of  the  red  quality,  far 
superior  to  either  the  Norwegian  or  Swedish,  and  used  chiefly  for  joinery  ; 
being  harder,  brighter,  cleaner,  stronger,  freer  from  sap  and  knots,  and  of 
a  kinder  nature  to  work.  The  Petersburg,  Archangel,  Onega,  and 
Uleaborg  (Finland)  are  the  best  kinds,  and  are  distinguished  by  marks 
cut  in  the  ends  by  a  branding  hammer. 

Fir,  of  whatever  kind,  weighs  on  the  average  about  i  ton  per  50  cubic 
feet. 

The  working  stress  of  good  Memel,  per  square  inch  of  section,  is  about 
12  cwt.  in  tension,  10  cwt.  in  compression,  and  12  cwt.  in  bearing; 
compared  with  10  cwt.,  7  cwt.,  and  7  cwt.  respectively  for  the  ordinary 
inferior  qualities  of  fir. 

America  and  New  Zealand  both  grow  trees  of  the  pine  class,  but  the 
wood  they  produce  is  inferior  to  that  from  the  Baltic  in  strength  ;  though 
it  is  fireer  from  knots  and  other  imperfections,  kinder  in  nature,  of  wider 
width,  and  more  suitable  for  joinery  and  cabinetwork.  The  chief  kinds 
are :  the  Canada  red  pine,  which  bears  all  the  usual  qualities,  except  that 
it  is  inclined  to  be  knotty,  and  is  not  very  wide.  American  yellow  pine, 
though  expensive,  is  an  invaluable  wood  to  joiners  in  this  country,  as  it 
has  all  the  good  qualities  of  a  joiner's  wood,  with  a  kind  nature,  bright, 
close,  and  easy  grain,  comparative  freedom  from  knots,  and  can  be 
procured  in  very  wide  widths,  so  that  it  is  excellent  for  panelled  work. 
It  is  not  very  strong  or  durable  in  this  climate,  but  passable  when  painictl. 
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Pitch  pine  is  grown  in  the  Southern  States  of  North  America,  the  best 
coming  from  the  neighbourhood  of  Savannah.  It  is  a  very  red  wood 
owing  to  the  large  amount  of  resin  it  contains,  and  consequently  is 
difficult  to  work,  as  the  viscidity  soon  affects  the  joiner's  toots.  Its 
hardness  makes  it  a  valuable  wood  for  wear,  while  some  of  it  has  a  most 
beautiful  appearance,  which  renders  it  suitable  for  best  varnished  work. 
It  is  heavy  in  weight,  but  very  durable  and  strong,  though  subject  to 
shakes  and  sap.  Its  annual  rings  are  very  conspicuous,  its  grain  straight, 
and  comparatively  free  from  knots.  On  account  of  the  resin  it  contains 
it  will  not  take  paint  properly,  nor  yet  creosote.  It  is  imported  in  logs  of 
13  to  i8  inches  square,  and  can  be  procured  in  very  long  lengths,  some- 
times as  long  as  70  feet. 

Orison,  Quebec,  and  St.  John's  pine  are  other  names  given  to  North 
American  pine,  distinguishing  the  districts  whence  it  comes. 

Kawrie  pine,  found  in  New  Zealand,  is  a  hard,  pink-tinted  wood,  with 
a  very  close,  even  grain,  free  from  knots  and  other  defects.  It  can  be 
procured  in  very  wide  widths,  will  lake  polish  well,  and  is  most  suitable 
for  table  tops,  cabinetwork,  etc. 

Elm  comes  from  a  Briti.sh -grown  tree  of  the  same  name,  can  be 
procured  in  wide  widths,  and  withstands  damp,  though  not  alternate  wet 
and  dry  atmospheres;  its  grain  is  very  coarse  and  tough,  shakes  are 
almost  unknown  to  it,  but  rotten  holes  are  often  met  with;  it  is  of  warm 
brown  colour  tinged  with  purple,  and  the  sap  of  a  light  cream.  Elm  is 
chiefly  used  for  piles  and  similar  work  exposed  continually  to  wet,  and  in 
damp  situations,  pump-planks,  stable  divisions  and  doors — the  latter  on 
account  of  the  dislike  that  horses  have  to  biting  it ;  and  its  great  resisting 
power  renders  it  very  useful  for  curbs,  bumping -blocks,  etc. 

Oak. — The  chief  varieties  of  this  wood  are  English,  Stettin,  Wainscot, 
and  American.  It  is  very  hard,  tough,  close,  and  durable,  and  is  used  by 
both  carpenter  and  joiner.  It  is  of  a  light  brown  colour,  has  medullaty 
rays  in  it  to  a  conspicuous  degiee,  in  addition  to  the  annual  rings,  which 
should  be  close  and  tegular  to  denote  the  best  quality. 

The  English  variety  is  obtained  from  either  the  "stalk"  or  "cluster 
fruited  "  trees,  the  latter  being  the  darker  in  colour,  heavier,  tougher,  and 
more  durable  quality  of  the  two.  Both  kinds  are  much  used  in  this 
country,  where  strength  and  durability  are  the  chief  requirements,  especially 
for  window  and  door  sills,  wall-plates,  roofs,  steps,  posts,  fencing,  etc.  It  is 
hard  to  work,  especially  when  young  and  wet,  being  more  of  a  carpenter's 
than  of  a  joiner's  wood,  is  very  elastic,  and  can  be  easily  bent  when  steamed. 

Its  weight  is  about  40  cubic  feet  per  ton,  and  its  compressive  strength 
may  be  taken  at  13  cwt.  per  square  inch ;  bearing  strength  at  as  cwt,  and 
tensile  strength  at  16  cwt.  These  results  are  based  on  the  same  standard^ 
or  working  stress,  as  other  safe  quotients  given  in  these  notes. 
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The  gallic  acid  which  oak  contains  corrodes  all  iron  with  which  it 
comes  in  contact ;  wherefore,  screws,  bolts,  etc.,  to  be  used  with  it,  should 
always  be  galvanised. 

Stettin  oak,  so  called  after  the  port  whence  it  is  shipped,  is  at  first  sight 
similar  to  the  English  species,  and  is  very  often  substituted  for  it,  but  it  is 
BOt  nearly  so  strong  or  durable.  It  is  softer  and  easier  to  work,  though 
inclined  to  be  woolly.  Loose  dead  knots  and  decayed  pores  are  very  often 
met  with  in  it,  and  when  it  is  wet  and  unseasoned  it  gives  off  a  sour  odour. 
It  is  imported  in  logs,  and  is  employed  for  the  same  uses  as  the  English. 
American  oak  has  a  pink  tinge  in  it,  and  is  similar  in  texture  to  the  last 
named,  though  sound,  hard,  tough,  and  elastic.  It  is  used  as  a  substitute 
for  English  oak. 

Wainscot  oak  is  chiefly  shipped  from   the   Baltic  ports,   Riga  and 

Dantzic.    It  is  imported  into  this  country  in  logs  cut  **on  the  quarter." 

This  kind  of  oak  is  grown  chiefly  in  Poland  and  Austria,  and  is  essentially 

2  joiner's  wood,  being  more  expensive  than  the  other  kinds,  and  used  only 

for  best  internal  finishings.     It  is  hard,  of  a  light  brown  colour,  with  a 

close,  compact,  and  even  grain,  though  it  is  kinder  in  nature  and  less 

<iuiable;  knots  are  seldom  met  with  in  it,  and  it  is  the  absence  of  knots 

that  leads  some  people  to  note  the  difference  between  it  and  the  best 

Stettin,  which  is,  in  fact,  very  much  like  it  in  most  other  respects. 

Wainscot  is  fiill  of  little  pores,  and  sometimes  white  specks ;  the  medullary 

rays  are  very  conspicuous,  if  it  is  properly  converted  "  on  the  quarter,"  and 

jgive  it  a  beautifully  figured  appearance.     The  "  Crown  Riga "  is  often 

specified  as  the  best  quality.     It  is  used  for  all  kinds  of  joinery  and 

cabinetwork,  as  well  as  for  fiooring,  and  will  take  polish  well 

Teak  is  both  a  carpenter's  and  joiner's  wood,  found  in  Southern  India 

and  Burmah,  where  it  is  sometimes  called  the  Indian  oak.     It  is  very 

straight  in  the  grain,  has  no  medullary  rays,  and  is  of  a  warm  brown  colour, 

tinged  with  yellow,  in  contrast  to  the  purple  tinge  of  elm.    Teak  is  very 

brittle,  whereas  oak  is  tough.    It  has  a  peculiar  smell,  but  does  not  corrode 

iron ;  it  never  swells,  and  is  as  strong  as  oak,  free  from  knots,  but  subject 

occasionally  to  shakes  at  the  heart.     It  is  used  for  window-sills,  treads  to 

steps,  bumping-blocks,  and  the  best  kinds  of  joinery.     Railway  companies 

use  a  great  deal  of  it  for  carriage  doors,  on  account  of  its  non-liability  to 

swell,  and  it  is  much  used  in  shipbuilding.     It  will  polish  well. 

Greenhearty  found  in  the  North  of  Southern  America,  is  very  often 
used  as  a  substitute  for  teak,  being  much  cheaper,  and  at  the  same  time 
possessing  the  qualities  of  teak — viz.,  a  fine,  hard,  and  close  grain,  and  great 
strength  and  resistance  to  crushing. 

Mahogany  is  imported  in  very  large  square  but  short  logs  from 
Honduras  and  Cuba,  the  former  being  very  much  softer  than  the  latter, 
and  easier  to  work ;  in  fact,  some  of  it,  called  '^  Baywood,"  is  very  little 
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more  costly  to  work  than  deal.  In  colour  it  is  a  light  mixture  of  riSal 
brown,  and  yellow  ;  shiny,  close,  hard,  and  yet  kind  in  grain,  free  from  the 
general  defects,  but  it  will  not  weather,  .ind  is  only  used  for  joinery,  table- 
tops,  handrails,  and  internal  best  finishings.     It  will  take  a  nice  polish. 

Cuba,  or  Spanish  mahogany,  is  considerably  harder  than  the  last- 
named  variety,  darker  and  richer  in  colour,  full  of  little  pores  and  silvery 
specks — due  to  the  presence  of  lime — which  dull  the  joiner's  planes.  J^ 
is  far  superior  to  the  other  kinds,  more  expensive,  harder  to  work,  and  ** 
only  used  for  the  best  polished  work. 

Walnut  is  of  two  kinds,  Italian  and  American,  very  different  from  ea<^ 
other  in  quality  and  nature.  The  Italian  is  really  a  cabinet-maker's  woo^^' 
though  occasionally  used  in  the  best  of  joiner's  work.  It  is  much  harde  ^ 
closer,  and  of  a  brighter  colour  than  the  American.  It  is  principally  use-*^ 
for  piano  cases  and  best  cabinetwork  ;  while  the  American  is  made  u^t^ 
into  doors,  windows,  dadoes,  and  other  best  joinery  finishings — the  colout  * 
being  a  dull  light  mauve,  though  it  is  often  called  "American  brow^^ 
.vatnut,"  being  imported  from  New  York,  while  the  '■  American  olaci^ 
walnut  "  is  imported  from  Quebec  in  Canada. 

Beech,  the  only  other  wood  which  is  really  of  any  great  use  to  ihe- 
building  trades,  is  a  hard,  close,  light -coloured,  and  speckly  wood,  obtained 
from  the  English  tree  of  the  same  name.  It  is  chiefly  used  for  sinks, 
drainers,  etc.,  where  its  hard,  non-absorbent  properties  are  of  advantage ; 
and  the  handles  of  carpenters'  and  joiners'  tools  are  nmde  of  this  kind  of 


Ash,  an  English-grown  wood,  is  remarkable  because  it  has  apparently 
no  sapwood.  It  is  tough,  though  easily  worked,  and  very  durable  in  a 
continually  dry  atmosphere.  It  is  of  a  brownish -white  colour,  and  used 
chiefly  by  cabinetmakers,  on  account  of  its  elasticity  and  flexibility,  whidk 
render  it  unsuitable  for  building  purposes. 

Sycamore  is  a  white  or  yellow-coloured  wood,  from  the  plane  tree, 
found  in  the  North  of  England.  It  is  of  a  very  compact,  firm,  and  durable 
ciuaiity,  and  will  not  warp.  Builders  sciircely  ever  use  it,  except  for 
patterns. 

Birch  is  another  hard,  English-grown  wood,  being  more  of  a  builder's- 
wood  than  either  of  the  two  preceding  kinds,  as  it  is  often  used  for  hand- 
tails,  stair-treads,  etc.  It  is  of  a  light  yellow,  speckly  colour,  very  close 
and  even  in  the  grain,  and  sound.  It  is  much  used  in  the  manufacture 
of  furniture. 
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WOOD    FLOORS. 

or;  ncu!  Floor-boards— Single  Floori— Floor  Joints— Double  Floors— 
Ffained  Floors — Flooring. 

Unked  Floors  and  Floor  boards. — Wood  floors  are,  practically 
bng,  made  up  of  a  skeleton  framing,  called  "  naked  flooring,"  sur- 
Inonded  and  supported  by  a  brick,  stone,  wood,  or  iron  enclosure,  and 
covered  by  boards  of  different  kinds,  to  form  a  close  and  level  platform 
aboTC  an  open  space. 

The  floor-boards  are  of  various  and  more  or  less  intricate  sections,  but 
"ne  and  all  could  be  used  at  the  same  time  as  a  covering  to  each  of  the 
dilcrcnl  kinds  of  naked  flooring,  without  any  real  detriment  to  the  strength 
:  floor  as  a  whole,  provided  the  various  sections  be  each  of  a 
mt  and  the  same  thickness. 

iked  floors  are  really  of  three  classes,  though  there  may  be  diflferent 
I  of  carrying  out  the  principles  which  distinguish  one  class  from 
The  simplest  and  most  common  class  are  called  single  floors, 
g  of  common  joists  only  placed  ii  or  13  inches  apart,  or  15  to 
dies  centre  to  centre,  forming  a  bridge  from  wall  to  wall  to  support 
Hfdcd  floor  of  the  room  above  and  the  ceiling  of  the  room  beneath. 
B  thai  gives  the  name  of  bridging  joists  to  those  joists  which  in  all 
S  cany  the  floor-boards.  The  other  two  kinds  of  naked  flooring  are 
I  douMe  and  framed  floors,  each  of  which  will  be  fully  described  in 
>utse  of  these  notes  later  on. 
tgle  Floora.^  Single  floors  are  suitable  for  all  spans  up  to  16  feet, 
""meh  they  must  be  strutted  after  the  span  exceeds  8  feet.  They  are  the 
"I'lest,  cheapest,  and  strongest  kind  of  naked  floor,  consisting,  as  before 
■'■'^d,  only  of  the  bridging  or  common  joists,  spanning  from  wall  to  wall, 
■  iiarrying  the  flooring  above  and  ceiling  beneath.  These  advantages 
■  however,  accompanied  by  the  following  disadvantages,  which  some- 
-iuci,  in  ipedal  cases,  predominate ; — 
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1,  The  ceilings  are  apt  to  crack,  on  account  of  the  sagging  of  the 
bridging  joists,  when  in  long  lengths. 

2.  Wood  being  a  conductor  of  sound,  these  joists,  having  no  inter- 
mediate space  between  them,  and  carrying  both  the  floor  of  the  one  rooni 
and  the  ceiling  of  the  other,  conduct  the  noises  from  one  room  to  the 
other. 

3-  The  joists,  going  from  wall  to  wall,  and  having  no  other  supports, 
distribute  the  load  of  the  floor  equally  along  the  whole  length  of  two  of  the 
enclosing  walls,  whether  the  wall  is  one  solid  mass  or  full  of  openings,  in 
which  case  either  the  joists  have  to  be  carried  by  plates  or  lintels  built  in 
over  the  doors  and  windows  in  the  wall  beneath,  or  they  have  to  be 
"  trimmed "  round  them.  Both  methods  cause  weak  points  in  the  con- 
struction of  a  building. 

The  joists  of  the  ground  floors  of  buildings,  when  not  above  cellars, 
need  not  be  so  strong  as  for  other  floors,  because  dwarf  sleeper  walls, 
which  reduce  the  spans,  can  be  built  on  the  ground  to  carry  the  wall  plates 
which  support  and  distribute  the  weights  and  pressure  of  the  bridging  joists. 

Fig.  266,  in  plan  and  sections,  illustrates  a  ground  floor  supported  by 
simple  naked  flooring,  consisting  of  bridging  joists,  B  J,  carrying  the  floor- 
boards from  wall  to  wall,  with  intermediate  dwarf  walls  to  lessen  the  span 
and  carry  the  wall  plates,  W  P,  to  which  the  bridging  joists  are  secured. 
The  dwarf  or  sleeper  walls  both  render  the  floor  more  rigid,  and  effect  a 
saving  of  timber 

A  dani]>proo(  course  must  always  be  put  under  the  wall-plates,  to 
prevent  the  damp  arising ;  and  it  is  better  that  these  ground-floor  wail- 
plates  should  be  of  oak. 

It  should  be  noted  that  the  wall-pbtes,  W  P,  on  the  outside  main  walls, 
are  not  built  into  the  main  wall,  but  supported  on  sleeper  or  dwarf  walla ; 
inasmuch  as  the  building-in  of  all  wall-plates  into  the  carcase  walls  of  a 
building  is  held  to  be  objectionable,  on  account  of  the  dampness  of  the 
walls  soon  causing  them  to  rot.  It  is  the  best  plan  to  put  the  joists  on 
two  rows  of  hoop-iron,  so  as  to  distribute  the  weight  to  the  extent  required 
in  the  walls,  or  to  support  the  wall-plates  on  corbels  or  over-sailing  courses 
projecting  from  the  main  walls,  care  being  taken  to  anchor  the  ends  of  the 
joists  to  the  walls  by  means  of  iron,  so  that  the  enclosing  walls  are  tied 
together  by  the  joists. 

Where  fireplaces  occur  in  ground-floor  rooms  it  is  usual  to  build 
fender  walls  round  them,  as  X  on  section  A  B,  fig,  266,  to  carry  the  wall- 
plates,  and  thus  save  trimming,  which  will  be  explained  later  on. 

When  single  naked  floors  are  used  above  other  rooms  it  is  obvious 
that  the  only  support  the  bridging  joists  can  have  is  the  enclosing  walls ; 
and  consequently  it  is  necessary  that  the  joists  must  be  stronger,  in  propor- 
tion to  the  distance  between  the  walls  which  have  to  carrj-  them. 
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Fig,  267  illustrates,  in  plan  and  section,  a   single   floor,  cam-ins 
boarded  floor  above  and  ceiling  beneath. 
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It  irill  be  seen  therefrom  thst  the  bridging  joists  span  from  wall  to  wall, 
i  disiance  of  1 1  feet,  and  carry  the  floor  above  and  the  ceiling  below. 


The  ends  of  the  joists  rest  on  the  wall-plates,  W  P,  which  are  either  built 
in  the  walls,  as  shown  on  the  right-hand  side  of  section  C  D,  or  rest  on  two 
courses  ot  brick  oveisailing,  as  on  the  left  hand  of  the  same. 
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When  the  cornices  below  allow  of  the  wall-plates  being  put  on  projec- 
tions, and  not  built  tn  the  walls,  that  is  the  best,  as  the  joists  can  be  nailed 
to  them  ;  but  when  this  cannot  be  done,  tt  is  better — as  wall  plates  buUt 
in  soon  decay— to  lay  the  ends  of  the  joists  on  two  rows  of  hoop  iron 
instead  of  on  the  wall-plates  shown  on  the  right  hand  side  of  section  C  D 

On  account  of  the  risk  of  fire  to  which  the  bmldmg  would  be  exposed 
if  the  ends  of  the  joists  rested  on  or  near  the  chirane\  breast  it  will  be 
noticed  on  the  plan,  fig.  267,  that  the  joists  are  trimmed  round  the  fireplace 
to  avoid  any  such  risk. 

A  joist,  stouter  in  width,  called  a  trimming  joist,  TJ,  is  placed  an 
inch  or  two  away  from  the  side  of  the  breast ,  and  at  14  or  18  mches 
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away  from  the  face  of  this  breast— according  to  the  width  required  for  the 
hearthstones— another  joist,  called  a  trimmer,  T,  is  placed,  running  parallel 
to  the  face  of  the  breast,  and  the  ends  of  it  are  framed  into  the  trimming 
Joists,  T  J  ;  and  along  the  trimmer,  in  equal  spaces  of  alx)ut  15  inches, 
from  centre  to  centre,  the  trimmed  joists  are  framed,  with  the  other  end 
resting  on  the  supporting  wall. 

The  plan  and  section,  fig.  268,  are  intended  to  illustrate  the  explana- 
tion just  given  of  trimming  round  fireplaces. 

Fig.  269  will  show  the  student  how  to  trim  round  well-holes,  trapdoors, 
and  other  openings,  where  the  bridging  joists  run  in  a  different  direction. 

efore  proceeding  to  define  and  illustrate  joints  usually  met  with  in 
single  floors,  it  will  be  as  well  to  explain  one  or  two  items  which,  though 
belonging  to  other  kinds  of  floors  as  well,  are  connected  with  single  floors. 
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g-bone    struHing,    cross- nogging,    or    sltmming,    is    a    means    of 
;  and  stiffening  the  bridging  or  common  joists,  and  consists 
I!  pieces  of  3  x  i-inch  or  3  X  3-inch  stuff,  fixed  diagonally  between 
ibe  joists,  as  fig.  270. 

There  are  two  independent  lengths  in  a  row  of  it,  as  A  A  and  B  B,  and 
thej'  stretch  from  wall  to  wall,  thus  forming  one  continuous  connection 
or  suj^rt  between  the  walls,  and  rendering  each  joist  perfectly  stiff — one 
row  abutting  on  each  side  of  the  top  of  the  joist,  and  the  other  at  the 
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''otiom  thereof,     A  row  of  this  strutting,  consisting  of  two  courses,  should 
te  inserted  every  4  feet  apart  where  the  span  exceeds  11  feet. 

Solid  strutting  or  stemming  is  an  alternate  method  to  the  latter,  and 
u^ed  in  a  similar  way  for  the  same,  and  it  consists  of  a  solid  piece  of  wood 
•He  depth  of  the  joist  and  i  J  inches  thick,  let  in  between  the  joists  in  one 
toniinuous  line  from  wall  to  wall. 


k^ng  is  supposed  to  be  a  remedy  for  the  prevention  of  sound 
conducted  from  one  room  to  another  by  means  of  the  floors.  On 
each  side  of  the  joists  i|  x  J-inch  laths  are  nailed  from  wall  to  wall ; 
and  testing  on  these  laths,  between  the  joists,  the  sounii  boarding,  as 
It  is  called,  is  laid,  to  carry  the  mixture  which  is  to  deaden  the  sound 
(See  fig.  271.) 

This  mixture  is  laid  on  the  boards  to  a  thickness  of  about  3  inches, 
■nd  it  consists  of  either  ordinary  mortar,  with  an  admixture  of  hay,  or 
nwdust  or  ashes,  or  of  asbestos  or  silicate  cotton  in  slabs. 
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Another  method  is  to  nail  cedar-felt  from  joist  to  joist,  as  on  sketch 
(tig.  272),  and  fill  in  the  space  with  sawdust 

Some  of  these  kinds  of  puggmg  cause  the  joists  to  rot,  owing  to  the 
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dampness  of  the  mixture  or  the  want  of  air-circulation  which  they  entail ; 
and,  to  obviate  this,  some  floors  are  constructed  specially  with  a  view  to 
prevent  the  conduction  of  sound ;  but  they  involve  extra  expense,  and 
raise  the  building  a  very  little  higher.     Some  people  would  call   the 


method  a  "  double  "  floor ;  but  this  is  not  done  for  the  purpose  of  strength, 
though  it  imiy  be  double  in  construction. 

Fig.  273  shows  ceiling  beams,   C  B,  inserted  between  the  bridging 
joists,  B  J,  placed  about  8  feet  apart,  to  carry  the  ceiling  joists ;  which,  it 
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will  be  seen,  make  the  ceiling  independent  of  the  floor  and  r 
be  nfTecied  by  any  vibration  of  the  floor  itself. 

Floor  Joints.— All  joints  in    carpentry  should    be  made   in  such  a 


liafa^l 


WOOD  FLOORS. 


107 


manner  that  the  timbers  are  weakened  as  little  as  possible  by  loss  of 
wood;  and  wherever  one  bearing  timber  has  to  support  others  it  is  of 
great  advantage,  if  possible,  to  nail  fillets  on  to  the  sides  of  the  timber, 
and  notch  the  others  over  it  (as  figs.  274  and  275),  to  avoid  weakening 
the  one  by  the  mortises  to  take  the  tenons  of  the  other.  The  weaker 
method  is  shown  on  the  right,  and  the  preferable  and  stronger  method 
on  the  left 
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Wall-plates,  when  not  of  sufficient  length  to  go  the  whole  length  of 
the  wall,  are  connected  by  scarfs  (fig.  276),  a  wedge-shaped  piece  being 
cut  out  of  each  end,  so  as  to  fit  one  another  when  connected ;  and  where 
iky  return  at  angles  the  connection  is  then  made  by  halving,  or  bevelled 
^king,  the  two  ends,  as  shown  in  fig.  277. 

The  halving  process  consists  of  cutting  a  piece  off  the  end  of  each 
plate,  across  their  entire  width,  and  to  half  their  depth ;  while  in  the 
^'elkd  halving  the  remaining  parts  are  bevelled  alternately,  to  fit  one 
another  and  prevent  any  displacement  of  the  joint. 
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The  dove-tailed  notch  is  made  by  cutting  halfway  mto  each  plate,  with 
one  side  of  each  plate  left  straight  and  the  other  dovetailed,  to  prevent  its 
being  drawn  out,  as  fig.  278. 

The  joists  are  generally  spiked  on  to  the  wall-plates,  or  they  are 
notched  2xA  nailed  on  to  the  plates  (fig.  279). 

Another  method  of  attaining  the  same  object  is  by  ^^^«^— though 
it  is  seldom  used  except  for  beams — when  a  "notch"  is  made  in  the 
underside  of  the  beam,  which  fits  on  to  a  piece  left  on  the  wall-plate, 
which  is  similar  to  the  cog  of  a  wheel;  whence  the  method  is  called 
"  cogging  "  (fig.  280). 

The  only  other  joints  met  with  in  single  flooring  are  those  connected 
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with  trimming,  and  they  apply  as  well  to  double  and  framed  floors  as  far 
as  the  joists  are  concerned. 

The  joint  between  the  trimmer  and  the  trimming  joists  is  called  a 
tusk  tenoHj  and  illustrated  by  fig.  281,  where  it  will  be  seen  that  the 
tenon,  T,  with  the  horn,  H,  and  tusk,  K,  are  cut  out  on  the  trimmer  and 
let  into  a  similar  mortise,  with  the  bearing  or  shoulder,  S,  on  the  trimming 
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joist    After  they  have  been  tightened  up  together,  in  situ,  a  pin,  P,  is 
driven  through  a  mortise  in  the  tenon,  T,  as  shown  on  the  plan,  fig.  282. 

The  trimmed  joists  are  framed  into  the  trimmer  by  means  of  a  joint 
Similar  to  the  last,  only  without  the  tenon  being  pinned,  as  shown  in 

h  283. 


Trimmer 
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Single  naked  flooring  can  be  made  quite  strong  enough  for  ordinary 
Pun>oses  over  spans  up  to  16  feet,  the  strength  of  the  floor  depending 
^efly  on  the  depth  of  the  joists,  the  safe  strength  and  depth  of  which 
cin  be  ascertained  by  "  halving  the  span  in  feet,  calling  the  quotient 
inches,  and  adding  2,  which  gives  the  depth  required  in  inches."  For 
example :  the  span  being  10  feet,  10  feet  -7-2  =  5  inches ;  5  inches  +  2 
=  7  inches ;  therefore  the  depth  must  be  no  less  than  7  inches,  and  the 
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width  2||  or  3  inches,  according  to  circumstances;  although  little  depends 
on  the  width,  which  is  usually  either  2,  2^,  or  3  inches.  Trimmers  and 
trimming  joists  of  course  need  to  be  stronger,  and  it  is  usual  to  add 
I  inch  in  thickness  for  them,  or  j|th  of  an  inch  for  every  trimmed  joist 
which  need  only  be  the  same  as  the  common  or  bridging  joists. 

Double  Floors. — Double  floors  are  used  for  spans  of  over  16  feet, 
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to  reduce  the  bearing  of  the   bridging  joists;  for  which  purpose 
beams  called  binders  are  placed — at  intervals  of  every  10  feet,  at  most— 
between  two  of  the  walls  and  resting  on  the  other  two. 

Double  floors  have  the  advantage  of  stopping  the  passage  of  sound, 
and  rendering  the  bridging  joists  stiffer,  so  that  the  ceilings  are  not  so 
liable  to  crack ;  and  they  also  act  as  a  tie  to  the  walls  of  the  building. 


Trimmer 
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On  the  other  hand,  they  are  more  complicated  in  construction,  which  is 
always  a  defect ;  and,  moreover,  they  raise  the  building  and  add  expense 
thereby. 

It  should  always  be  borne  in  mind  that,  as  the  "  binders  "  collect  the 
weight  of  the  floor  off"  the  "  bridging  joists,"  they  must  be  supported  by 
solid  masonry,  brick,  or  ironwork — not  placed  over  openings,  as  can  be 
done  with  the  ordinary  joists.    This  is  sometimes  an  advantage,  especially 
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"liere  tbe  walls  beneath  are  full  of  openings.    In  such  cases  the  "  binders," 
<^atTfing,  as  it  were,  the  whole  weight  of  the  floor,  can  be  placed  over  solid 


psns,  sometimes  specially  designed  for  them ;  and  the  weaker  parts  above 
the  openings  can  be  left  without  any  weight  at  all  on  them. 

In  fig.  3S4  the  plan  and  sections  are  illustrations  of  a  double  floor. 
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The  space  between  the  binders  is  called  a  Case  Bay,  and  that  between 
t  le  binder  and  the  wall  a  Tail  Bay. 

The  "  binders  "  ^ould  rest  on  stone  templates  on  the  walls,  in  a  little 


recess,  as  fig.  3S5,  so  that  the  aJr  can  circulate  round  the  wood,  as  to 
build  any  timbers  into  the  damp  walls  is  always  conducive  to  rot. 

The  joints  used  in  this  flooring  are  similar  to  those  last  described  for 
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single  floors,  the  only  addition  being  that  whereby  the  bridging  joists,  etc, 
are  fixed  to  the  binder.  The  joists  aie  generally  notched  on,  as  fig.  386 ; 
but  this  is  a  bad  way,  as  the  notches,  being  cut  out  of  the  "  binder,"  weaken 
it  to  a  great  extent 
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The  better  plan  is,  as  before  explained,  to  nail  fillets  on  the  sides  of 
the  binder  and  notch  the  joists,  instead  of  the  binders  which  carry  the 
joists  and  the  floor,  as  fig.  287. 

Sometiines  the  ceiling  is  put  on  the  underside  of  the  bridging  joists 
where  the  height  of  the  rooms  below  will  not  allow  of  special  ceiling  joists ; 
in  which  case  the  "  binder "  is  planed  and  moulded  to  prevent  its  being  so 
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grat  an  eyesore,  and  it  has  to  be  notched  for  the  bridging  joists,  or  they 
ifc  oit  away  where  they  take  the  bearing,  a  process  which  in  no  way 
wKkens  the  framing  {vide  fig.  388).  ^ 

The  ehase-morlise  is  also  a  joint  that  is  employed  in  this  kind  ^T 
^'    It  consists  of  a  tenon  cut  on  the  ceiling  joist  and  put  into  the 
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"W^tiie  which  is  cut  out  of  the  fixed  "  binder "  with  bevelled  slide  into  it, 
*sshowninfig.  389.  This  joint  is  very  handy  in  cases  where  the  "binders" 
(n  mortises)  are  so  placed  that  the  tenon  cannot  be  fixed  in  as  usual.  It 
u  also  used  when  the  space  allotted  to  the  depth  of  the  door  will  not  allow 
"f  the  ceiling  joists  projecting  below  the  binder. 

Binding  joists  are  only  required  for  spans  above  16  feet,  unless  under 
wcepiional  circumstances.  The  best  way  to  impress  on  the  memory  the 
Mctkmal  dimensions  required  for  the  different  spans  is  to  take  5  inches 
•i<le  and  S  inches  deep  as  the  standard  for  lo-feet  spans,  and  to  add 
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I  inch  in  depth  and  i  an  inch  in  width  for  every  additional  2  feet, 
we  should  have  the  following  dimensions : — 

8  inches  deep  by  5  inches  wide,  suitable  for  lo-feet  spans. 


Thus 
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Framed  Floors. — "  Framed  floors  "  are  used  for  spans  of  24  feet  and 
over,  and  consist  of  girders  placed  10  feet  apart,  in  addition  to  the  binders, 
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bridging  and  ceiling  joists  known  in  connection  with  other  kinds  of  floors 
{vide  fig.  290). 

To  save  repetition,  it  may  be  said  that  framed  floors  have  the  same 
objects,  advantages,  and  disadvantages,  as  double  floors — but  of  course  in 
a  higher  degree — and  the  same  rules  apply  to  both. 

It  should  be  borne  in  mind  that  two  binders  should  never  be  tenoned 
into  the  girder  at  one  place,  as  that  would  almost  cut  it  in  two,  and 
weaken  it  too  much ;  but  they  should  be  placed  Ait  and  miss  fashion 
as  X.  (See  fig.  290.)  The  method  of  jointing  is  shown  in  the  sections 
A  B,  C  D. 

A  better  way  to  secure  the  binder  to  the  girder,  without  cutting  into 
the  latter,  is  as  fig.  292.  An  iron  stirrup  is  hung  over  the  girder,  with  a 
shoe  on  each  side,  to  receive  the  binder.  The  stirrup  is  secured  to  the 
girder  by  a  bolt  at  the  head. 

The  girders  of  framed  floors  must  necessarily  be  stronger  in  proportion 
than  binders  ;  and  taking  13  inches  deep  by  11  inches  wide — for  a  20-feet 
span — as  a  basis  (by  the  same  rule  as  that  for  binders),  adding  i  inch  in 
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depth   and  i  an  inch  in  width  for  each  additional  2  feet  in  span,  we 

have  for — 

20  feet  span  a  girder  13  inches  deep  by  11    inches  wide. 

22  „  „        14  „             iii  ,1 

24  »>  >i         ^5  "              ^^  »» 

26  „  „            16  „                     12^  „ 

28  „  „        16  „              13  „ 
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Ceiling  joists  are  generally  of  uniform  size — \iz,,  3J  inches  deep  by 
2 1  inches  wide,  and  are  fixed  12  or  13  inches  apart;  and  they  should  have 
a  bearing,  whether  on  a  wall  or  to  a  beam,  at  every  8  feet 


B  J 
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fig.  233 

Iron  binders  and  girders  of  different  sections,  in  place  of  wood,  are  now 
used,  chiefly  for  double  and  framed  floors  ;  the  bridging  and  ceiling  joists 
being  fixed  to  wood  plates  bolted  to  the  flanges  of  the  wrought-iron  binders, 
as  fig.  293. 

In  framed  floors  the  binders,  with  the  wood  bridging  and  ceiling  joists, 
are  placed  between  the  top  and  bottom  flanges  of  the  girder,  and  con- 
nected with  angle  irons  bolted  to  the  flange  of  the  girder,  as  fig.  294. 
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Wooden  beams,  binders,  and  girders  are  often  ftiuhtd  to  strengthen 
then— Ibat  is,  they  are  cut  in  half,  and  reversed  with  a  thin  wrought- 
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icon   plate  between  them,  as  fig.  295,  the   three  being  bolted  together 
trans versely,  as  shown  in  the  section. 


:\\ 


m 


Or,  they  are,  in  exceptional  cases,  Inisstd,  as  fig.  296,  by  a  king  trass, 
r  by  a  queen  truss,  as  in  fig.  J97. 
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The  beam  or  girder  is  cut  in  half,  and  reversed  as  the  last,  but  instead 
of  the  flitch  plate  a  framed  truss,  composed  of  wrought-iron  abutments 
and  hardwood  struts,  is  bolted  between  the  two  halves,  as  shown. 

Another,  though  inconvenient,  method  of  trussing  is  as  figs.  298 
and  299,  which  explain  themselves,  the  shoes,  Z  Z,  and  stays,  Y  Y,  being  of 


cast  iron,  and  the  rods,  X  X,  being  of  wrought  iron  to  resist  the  tension. 
In  this  case  the  beam  is  not  cut  in  two,  but  the  rods  go  through  it,  as 
illustrated.    The  strength  of  the  truss  depends  on  the  length  of  the  struts 


a 


from  the  beam,  and  consequently  the  stronger  it  is  made  the  more  in- 
convenient and  unsightly  it  becomes.  This  is  on  the  same  principle  as 
that  often  seen  when  thin  boards  are  strengthened  to  carry  flower-pots  by 


Strutting  underneath,  and  tying  tight  a  piece  of  string  from  each  end  of  the 
board  over  the  strut. 

Flooring. — Flooring  is   the   covering    of    the    naked    framing,    and 


s  of  one  or  other  of  the  many  different  kinds  of  floor  boards  from 
I  to  \\  inch  in  thickness,  nailed  (on  each  of  their  edges)  on  to  each  of 
the  bridging  joists  in  either  single,  double,  or  framed  floors, 

The  dilTerent  kinds  of  joints  for  flooring  boards  (which  should  always 
be  rebated  or  grooved  so  that  a  greater  thickness  of  floor-board  is  left  on 
the  top  side  where  it  will  be  worn)  are  as  follows  :— 

Straight  or  plain  jointed  (fig.  300),  in  which  the  joint  of  each  board  is 
straight  and  plain. 
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Grooved  and  Umguedy  where  one  edge  of  the  board  has  a  tongue  and 
the  other  a  groove  (fig.  301). 

Grooved  and  tongued  with  hoop-iron  tongues,  in  which  both  edges  of 


Floor    Joist 


Fig  300 


Fiy.  301 


Fig  302. 


Fig.  303. 

the  board  are  grooved  and  an  iron  tongue  inserted,  half  in  each  board 
(fig.  302). 

R^HMkd^  with  the  edge  of  each  board  rebated  out  alternately  top  and 
bottom  (fig.  303). 
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Rebated,  gmgved,    and  tongmd  (fig.  304),  a  combination  of  figs.   301 
and  303. 

Rehatfd  and  fillettd,  in  which  each  board  is  rebated  out  on  one  face 


each  side,  and  a  loose  fillet  is  iaid  on  the  joists   and  overlapped  by  the 
rebate  on  each  board  ijiide  fig.  305). 

Secret-nailed,  by  which  each  board  is  nailed  on    the  tongue  to  the  joisl 


and  covered  by  the  top  of  the  other  (grooved)  board,  which  is  held  down 
by  its  (tongued)  predecessor  (fig.  306). 

Dowelkd,  where  small  oak  or  other  hard-wood  do\s'els  are  driven  into 


the  edge  of  the  fixed  board  and  the  other  is  cramped  up  to  it,  so  thai  the 
dowel  enters  both  boards  and  keeps  them  together  (fig.  307).     They  are 

secreily  nailed  obliauely  between  the  dowels. 
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dL  shoukkfcd  biads,  one  point  of  whidi  is  driven  into  the  joist  by 
hammering  die  shoulder,  and  the  board  b  driven  down  on  to  it,  as  in 
fig.  308. 


Fig. 30% 

Headings  are  the  joints  of  the  boards  crosswise — 1  ^.,  where  they  are  not 
in  sufficient  lengths  to  go  the  length  of  the  room,  and  have  to  be  in  two  or 
more  lengths.     They  may  be  either  square  or  bevelled,  as  figs.  309  and 


Fig.SOQi 


Fig.  310 


310,  or  cross-tongued,  as  fig.  311,  or  tongued,  as  fig.  312,  or  rebated  and 
tongued,  as  fig.  313. 

Floor  boards  are  usually  laid  in  "  uniform ''  thicknesses  of  from  i  to 
I J  inches,  and  in  from  3^  inch  to  "batten"  or  yinch  widths.     They 
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should,  under  any  circumstances,  have  their  edges  shot — i,e.^  truly  planecS^ 
so  that  they  can  be  "  dogged  "  or  "  cramped  "  up  tight  to  each  other  before 
being  nailed ;  or  they  are  laid  folding  in  common  work,  as  fig.  314. 

In  good  work  the  nails  should  be  punched  below  the  general  surface 
of  the  floor,  the  boards  planed  off  to  one  level,  and  the  nail-holes  stopped 
up  with  putty,  before  a  floor  can  be  said  to  be  complete. 

Double  floors  may  sometimes  mean  that  the  flooring  or  floor-boards 


cross  tofH^ue 


Fig.  3  a 


fig3/l^ 


Fig.Si3. 


are  laid  on  the  joists  in  two  thicknesses,  genec^lly  |,  or  J,  and  i  inch 
thickness,  the  bottom  thickness  being  straight-jointed,  and  often  laid 
diagonally  across  the  joists  ;  while  the  other — either  grooved  and  tongued, 
or  of  some  other  special  section — is  laid  on  in  the  ordinaiy  way  above  the 
sub-floor^  as  the  bottom  one  is  called. 

The  various  kinds  of  floors  having  been  explained  to  the  student,  it  only 


fig  3/4-. 

remains  to  say  that  the  principle  of  wooden  beams  and  girders  is  antiquated, 
bad  from  its  elaborate  framings,  risks  to  fire,  and  the  sagging  and  uncer- 
tainty of  the  large-sized  members.  It  has  been  superseded  by  iron  or 
steel  for  binders  and  girders,  the  latter  being  considerably  superior  in  forming 
a  rigid  mass,  its  comparative  impunity  from  fire,  etc.,  but  care  should  always 
be  taken  to  leave  a  space  between  the  floor-boards  and  top  of  the  iron  or 
steel  joists  for  gaspipes,  etc. 


CHAPTER  IX. 

FARTinONB. 

Partitions  DeHned — Fiamed  or  Quartered  Partitions — ^Trussed  Partitions. 

Putitions  Defined. — A  partition*  is  a  skeleton  wood  framing,  used 
instead  of  a  wall  to  divide  one  room  from  another.  It  is  only  suitable  for 
use  above  the  ground-floor,  so  as  to  be  free  from  the  effects  of  damp. 
The  principal  advantages  which  partitions  possess  are,  that  they  save 
space,  and  being  light  in  weight,  can  be  raised  upon  a  floor;  whereas 
a  brick  partition  wall  must  either  rest  on  another  wall  beneath,  or  be  built 
on  girders,  which  entail  additional  expense.  Against  these  advantages 
must  be  set  ofi*  the  facts  that  partitions  are  inflammable,  conductors  of 
sound,  and  very  apt  to  prove  a  harbour  for  vermin. 

There   are  really  two  kinds  of  partitions — the  ordinary  framed  or 
common  quartered  partition,  and  the  trussed  partition.     Before  proceed 
n%  to  explain  and  illustrate  each  one  separately,  it  will  be  advisable  to 
make  a  few  remarks  on  partitions  generally. 

The  general  rule  is  to  build  up  partitions  resting  upon  the  floors,  which 
>s  in  itself  bad  construction,  because  as  soon  as  the  floor  sags  or  moves 
^  partition  goes  with  it,  causing  the  plaster  cornices  to  crack  and  come 
^^7  from  the  ceiling  above,  unless  that  is  connected  to  the  partition  itself, 
ii^stead  of  underneath  the  joists  of  the  floor  above,  which  should  run  from 
^  to  wall  independently  of  and  parallel  to  the  partition  itself;  or  the 
continual  additional  weight  of  the  partition  on  this  floor  causes  the  part 
"^mediately  underneath  the  partition  to  sag  more  than  the  other  part  of 
^c  floor,  which  results  in  the  cracking  of  the  ceiling  below. 

A  better  plan  is  to  hang  the  partition  either  from  the  floor  above  or 
from  the  roof.  These  are  made  purposely  stronger  than  otherwise  needed, 
m  order  to  carry  the  additional  weight,  and  render  the  partition  tolerably 
^d;  but  the  best  and  proper  way  is  to  build  the  head  and  sill  of  the 
Partition  into  the  main  walls  wherever  practicable,  so  that  if  the  one  goes 
"^  other  goes  with  it ;  andi  in  addition,  to  brace  them  towards  the  walls 

*  Called  in  the  North  of  England  a  stoothing. 
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or  bearings,  so  that  any  weight  that  comes  on  the  head  of  the 
thrown,  by  means  of  these  braces,  on  the  walls. 

Faxtitions  may  be  lathed  and  plastered  on  each  side ;  but 
ihey  are  l/rieknof^gdim  addition — i.e.,  the  spaces  between  the  tjuarterings 
spaced  out  to  suit  the  bricks,  and  being  4^  inches  thick,  are  filled  in  w 
brickwork ;  or  otherwise  in  thinner  partitions  the  bricks  are  laid  on  edgei 


itb 


i 


N 


In  other  cases  the  partitions  are  temporarily  boarded  up  on  each  side, 
and  the  interstices  filled  up  with  concrete,  generally  composed  of  breeze 
and   cement.      Sometimes,    however,    the    outsides    of  the   partition   are 


E 
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covered  with  inodorous  felt,  and  the  spaces  filled  with  sawdust,  before  the 
plastering  is  done. 

Promed  or  Quartered  Partitions.— .Anordinaryyi--7Wfrf or yw<wfcf»rf 

partition  consists  of  head  H,  sill  S,  posts  P,  studs  or  quarters  Q,  and 
Hogging  pieces  N,  and  generally,  though  not  always,  braces  B  (see  fig.  315). 
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The  partition  is  4^  inches  thick,  the  head  and  sill  4i  x  3  inches,  posts 
4i  X  4  inches,  studs  4i  x  2  inches,  braces  4i  x  3  inches,  and  nogging  or 
stemming  pieces  3x2  inches. 

If  a  doonray  is  required  in  the  partition  it  is  framed  either  as  fig.  316 
or  as  fig.  317. 
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The  joints  used  in  framed  partitions  of  the  ordinary  kind  are  very 
simple,  and  as  follows: — 

The  joint  at  head  or  sill  with  the  posts,  being  an  ordinary  mortise  and  tenon^ 
as  in  fig.  318 ;  S  S  being  the  shoulders,  T  the  tenon,  and  C  C  the  cheeks. 
The  tenon — ^as,  in  fact,  all  tenons  should  be,  as  a  rule — is  in  width  one- 
third  of  the  thickness  of  the  stuff,  so  that  it  has  no  less  than  one-third  (or 
its  width)  on  each  side  of  the  mortise. 


A  stub  tenon  is  the  name  given  to  the  joint  between  studs  and  sill 
^  head,  the  tenon  only  being  for  the  purpose  of  keeping  it  in  position, 
*^d  going  into  the  mortise  about  one  inch  (fig.  319). 

The  joint  between  studs  and  brace  should  be  as  fig.  321,  but  it  is 
usually  as  fig.  320. 

The  junction  of  the  brace,  post,  and  sill  is  very  simple,  being  as 
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fig.  322.     But  where  the  brace  is  framed  into  a  doorpost  (as  fig.  317)  it 
is  done  as  fig.  323. 

The  joist  between  doorhead  and  post,  where  the  brace  does  not  spnng 
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from   it,  as  fig.  324,  is  similar  to  the   tusk-tenon  between  trimmer  and 
trimming  joist. 

Where  partitions  have  to  be  built  on  floors,  and  cannot  rest  on  stouter 
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joists  (as  fig.  325),  they  are  supported  by  bearers  framed  between  two  joists 
^as  fig.  326),  about  4  feet  apart. 


Fig  325      I  ScBLie 

Sometimes  they  rest  only  on  the  floor-boards,  as  fig.  327. 

It  should  be  borne  in  mind  that  the  studs  are  fixed  from  12  to  14  inches 


apart,  or  from  14  to  16  inches  centre  to  centre,  on  the  same  principle  as 
joists,  ceiling  joists,  rafters,  and  other  bearing  timbers. 


Ftg  327./ScaJe 


Tnused  ParUtioiis. — Trussed  partitions,  are  those  which   have  to 
cany  a  floor  above,  or  they  have  some  other  work  to  do,  requiring  more 
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than  the  ordinary  strength  of  "  framed  "  partitions.  They  are  sinular  to 
roof  trusses  in  construction,  but  oblong  instead  of  rectangular,  and  of  two 
kinds — king-post,  as  fig.  33S,  to  suit  side  doors ;  or  qMtn-post,  as  fig.  319, 
where  the  doorway  comes  in  the  centre. 


They  are  really  framed  trusses,  filled  in  afterwards  with  studding  0 
quarters. 


Fiq  333.     i  Sc»'e 


The  joints  employed  other  than  those  used  in  the  ordinary  partiiior 
as  explained,  are  those  of  the  principal  members  of  the  truss,  as  becweet 
principal  back,  and  intertie,  T,  in  both  trusses,  which  is  done  as  fig.  330 ; 

King  and  principal  back,  etc.,  as  fig.  331. 

The  queen-post,  etc.,  joint  should  be  as  fig.  333. 
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It  is  as  well  to  bolt  the  head  and  sill  of  the  complete  truss  tt^etlier  i 
one  or  moce  suitable  places,  as  X  X,  figs.  32S  and  339,  when  po«aibI( 


Fig3S2 


in  order  to  make  the  partititm  one  complete  framing,  though  made  up  c 
different  parts. 


PARTITIONS.  131 

AD  braces,  where  practicable,  should  incline  (or  abut)  at  an  angle  of 
about  forty  degrees. 

Partitions  of  ordinary  span,  and  carrying  only  their  own  weight,  are 

generally  understood  to  be  4^  inches  thick;  but,  wherever  they  are  of 

greater  span,  they  should  be,  say,  i  inch  thicker  for  every  10  feet;  and, 

of  course,  where  they  have  to  carry  floors  or  roofs,  they  must  be  of  special 

thickness  to  meet  the  requirements,  and,  moreover,  must  be  trussed  in  one 

way  or  other,  as  the  circumstances  will  allow— either  between  head  and  sill 

or  between  intertie  and  head.    The  latter  is  the  usual  way,  owing  to  the 

presence  of  doors  and  other  openings,  which  take  up  so  much  of  the  height 

of  a  partition. 
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Loal  Adaptation  of  Roofs — Couple  Roof — Couple-close  Roof — Fished  Joints — Scarfc— 
King-post  Roofs — Queeo-post  Roofs — Wood  and  Iron  King-trusses — Wood  and  Iran 
Col lar-tniss— Queen  Flat- truss— Mansard  Roof— Details  of  Rooft. 

Local  Adaptation  of  Roofs. — A  roof  is  a  framing  which  covers  the 
top  of  the  whole  building,  as  a  protection  against  the  elements.  In 
different  countries,  having  different  climates,  and  being  subject  to  different 
kinds  of  weather,  it  is  of  course  necessary  that  the  roofs  of  buildings  should 
be  designed  and  constructed  so  as  to  meet  those  variations  of  climate. 
For  instance,  the  northern  countries  of  the  world  have  steep-pitched  roofs, 


to  throw  off  the  snow  and  prevent  the  water  from  sucking-up  Letween  the 
laps  of  the  different  materials  used  as  a  covering  ;  while  in  hot  countries, 
where  there  is  little,  and  that  very  heavy  rain,  the  roofs  are  constructed  on 
the  flat.  Therefore  the  framing  of  wood-roofs  must  be  suited  to  the  weight 
requirements  of  the  covering  which  it  has  to  carry,  according  to  the  climate 
Lead,  zinc,  copper,  stone,  or  asphalte  coverings  are  generally  laid  on 
flat  roofs ;  slates  on  pitches  of  about  30  degrees  from  the  horizon ;  and 
tiles  or  wood-shingles  on  a  4S-degrees  pitch. 
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Before  proceeding  to  deal  with  each  roof  separately  on  its  own  merits 
it  may  not  be  out  of  place  to  give  the  student  an  idea  of  the  origin  of  the 
dififerent  kinds. 

The  first  and  simplest  form  of  a  roof  is  as  fig.  333,  from  which,  suppos- 
ing the  rafters  are,  as  it  were,  hinged  at  A,  B,  and  C,  it  may  be  imagined 


Fig  ssa 


Fig  336 


^  as  soon  as  the  weight  on  the  rafters  exceeds  a  certain  maximum,  the 
viDi  will  be  poshed  out  by  the  extra  weight  or  thrust  brought  down  on 
tbem  by  the  rafters  (see  fig.  334). 

To  obviate  this,  the  collar  first,  and  afterwards  the  *^  tie,"  were  added 
IS  a  means  of  tying  in  the  rafters :  first,  by  the  collar  fixed  part  of  the  way 
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between  the  wall-plate  and  ridge,  A  and  B,  as  fig.  335  ;  and  then,  as  the 
length  of  the  span  and  rafters  increased,  it  was  found  necessary  to  tie  in 
the  feet  of  them,  as  fig.  335,  by  means  of  the  tie-beam. 


Fig  337 


The  next  difficulty  encountered,  as  the  spans  were  increased,  and  con- 
sequently the  length  of  the  tie-beams,  was  that  the  tie-beam  was  apt  to  sag 
in  the  middle  from  its  own  weight  over  such  long  bearings  (see  fig.  336); 


to  counteract  which  the  king-post  in  shorter  spans,  and  two  queens  in 
longer  spans,  were  put  in  to  sling  up,  as  it  were,  the  tie-beam  to  the  ridge 
or  apex  of  the  rafters  in  the  one  case,  and  to  the  straining  beam— whicla 
did  duty  for  two  apexes — in  the  other,  as  figs.  337  and  338. 


The  last  defect  to  be  remedied  was  the  sagging  of  the  rafters  between 
the  wall-plate  and  apex ;  and  this  was  done  by  means  of  struts,  S  S,  s^ 
named  because  they  "  strut "  up  the  rafter  ftom  the  king-post  or  queeOt  ^ 
the  case  may  be  {vide  fig.  339). 
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The  above  description  will  explain  the  origin  of  the  different  members 
tf  the  oidinai;  truss ;  and  as  spans  and  trusses  increase,  and  their  con- 
seqaenl  defects  Arise,  so  indefinite  additional  ties  and  struts  are  added  to 
thefiatne  to  counteract  them. 

Some  kinds  of  roof-trusses  are  a  combination  of  wood  and  iron,  the 
nftos  and  stmts  generally  beit^  of  wood,  and  the  suspenders  and  ties 
either  of  Iron  or  wood,  according  to  circumstances. 


rij  3*1 


Coaple  BooT — ^The  couple  roof — the  simplest  of  the  whole  series — 
consists  of  the  f<^owing  parts — viz.,  wall-plates,  bedded  on  the  walls,  and 
numii^  longitudinally ;  and  two  raf^en,  raised  from  each  wall-plate  to  the 
ptdi  required  from  the  wall-plate  line  as  horizon.  At  the  apex  or  meeting- 
plice  of  these  two  rafters  the  ridge  is  fixed,  running  longitudinally,  and 
poenll;  parallel  to  the  wall-plates  ot  walls  (^uide  figs.  340  and  34r). 


This  farm  of  roof  is  only  suitable  for  spans  under  ro  or  11  feet,  the 
""■era  being  spaced  i  j  inches  apart,  and  usually  3J  inches  x  3|  inches  in 
"Oion.  The  ridge  is  generally  7  inches  x  i  J  inches,  and  the  wall-plates 
]  inches  deep  and  either  4^  inches  or  9  inches  wide,  on  bed,  according  to 


The  joints  required  in  its  construaion  are  very  simple,  and  can  all  be 
■Mde  by  the  use  of  the  saw ;  that  at  the  ridge  being  as  fig.  343,  and  that 
*t  the  junction  of  the  foot  of  the  rafter  and  wall'^late  being  as  fig.  343  Of 
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fig'  344 ;  tlifi  former  being  used  where  there  is  an  outside  eaves-gutter,  and 
the  latter  where  there  is  a  lead  gutter  between  two  roofs  meeting  at  the 
wall-plate  from  opposite  directions.  Fig.  345  shows  the  mode  of  connect- 
ing the  rafters  and  wall-plates  for  overhanging  eaves. 


Couplfl-oloM  Roof.— The  "  couple-dose  roof"  is  a  step  higher  than 
the  last,  and  consists  of  rafters,  ridge,  and  wall-plales,  with  the  addition  of 


Fig  3ta 

a  lie  fixed  to  the  foot  of  each  rafter,  which  often  does  duty  for  a  ceiling 
joist  (see  fig.  346). 


These  roofs  are  suitable  for  spans  up  to  i  a  01  14  feel ;  but  after  they 
exceed  the  10  feet  it  is  necessary  that  the  rafters  should  be  made  4J  inches 
X  2|  inches.  The  tie  is  usually  the  same  size  as  the  rafter,  and  the 
joint   between   them    called   a  dove-tailed  halving,  as  fig.    347,    half  ihe 
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thickness  being  cut  off  both  rafter  and  tie  to  a  dove-tail  pattern,  which, 
when  in  position,  prevents  one  pulling  away  from  the  other. 

CSoUar  Boot — It  must  be  always  borne  in  mind  that  rafters  must  have 
a  support  at  intervals  of  every  8  feet,  or  they  will  sag ;  and  if  the  space 


between  ridge  and  plate  exceeds  8  feet,  additional  support,  in  the  form  of 
a  purlin  or  collar,  must  be  placed  between  them  (vide  fig.  348). 

This  leads  us  to  the  ''collar"  roof,  suitable  for  spans  up  to  16  or  17 
feet,  and  designed  to  meet  the  requirements  just  alluded  to.  It  has  also 
the  advantage  of  giving  more  height  to  the  ceilings  of  the  rooms,  etc. 


/  Sea,/e 
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immediately  under  the  roof,  where  a  tie,  as  in  the  **  couple-close  "  roof, 
would  be  too  low  and  in  the  way. 

The  joints  in  this  form  of  roof  are  precisely  similar  to  those  last 
named ;  but  the  roof  itself,  as  a  whole,  is  considerably  inferior  in  con- 
stmctioiiy  because,  there  being  no  tie  at  the  foot  of  the  rafters,  the  weight 
of  the  roof  is  apt  to  cause  them  to  spread,  pushing  the  walls  out,  and 
lowering  parts  of  the  roof  in  consequence.    The  rafters  and  collars  are 
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4J  inches  by  >j  inches  in  section,  and  spaced  i>  inches  apart,  or  14  to  15 
inches  centre  to  centre,  as  in  all  other  framings ;  but  these  collars  are  not 
always  used  to  each  rafter,  one  being  framed  to  every  sixth  or  seventh 
rafter,  and  a  purlin — a  longitudinal  beam  running  parallel  between  plate 


and  ridge — being  placed  between  collar  and  rafter  (as  fig.  348  a),  and  sup- 
porting the  rafters  between  each  of  its  bearings  on  the  framed  collars. 

The  purlins  and  ridge  are  jointed  in  their  length  by  bevelling,  fished 


^ 


oints,  or  scarfs  to  resist  tension  and  bearing,  the  particular  strain  lo  which 
they  are  subject. 

The  "bevelled"  joint  (fig.  348 b)  is  the  simplest  in  work  and  most 


J  35/ 


common  in  use,  though   for  obvious  reasons  it  can   only  be  employed 
over  bearings  on  walls  or  trusses. 

Fished  Joints. — Fislied  joints  are  not  often  used,  on  account  of 
their  awkwardness,  and  their  weakness  in  comparison  with  the  expense 
which  they  entail.  They  are,  practically  speaking,  "  butt  "  joints,  whereof 
the  ends  are  kept  in    position  by  fish-plates  of  wood  or  iron,  fastened 
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generally  to  each  side  of  the  beams,  and  connected  together  by  through 

bolts  (f^.  349)- 

The  bolts  should  be  placed  <*  hit-and-miss "  fashion,  so  that  plates 
and  beams  are  only  cut  once  in  the  length  of  their  fibres.    This  form 


Fig  352 

of  joint,  when  in  tension,  causes  all  the  strain  to  be  thrown  on  the 

bolts;   and  as  these  often  become  loosened  by  the  shrinkage  of  the 

timbers,   they  then  press  and  crush    the   fibres,  which  results  in  the 
yielding  of  the  joints. 


Fiy  353 

To  obviate  this  as  much  as  possible,  the  joints  are  fadled  in  both 
iron  and  wood  alike,  as  fig.  350;  or  keyed,  as  fig.  351.  Each  of  these 
methods,  while  conferring  a  benefit,  also  creates  another  defect,  by  decreas- 
ing the  section  and  consequent  strength  of  the  timbers  themselves. 


^/y  354 

These  forms  of  joints  are  also  suitable  for  lengthening  posts  and 
other  upright  timbers  subject  to  compression ;  but,  for  such  purposes, 
it  is  better  that  they  should  be  fished  on  all  sides,  to  prevent  any 
movement  laterally. 


F/y  355 

Soaiik. — ''Scarfe,"  as  used  in  joints,  to  lengthen  purlins  and  ridg( 
/^.,  to  resist  tension— are,  as  a  rule,  made  as  fig.  352 ;  or  fig.  353,  which 
is  slightly  more  intricate;  though  fig.  354  is  still  better,  as  it  can  be 
ti^tened  up  by  means  of  the  wedges  or  keys,  X. 
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Still,  this  is  not  really  complete  without  the  fish-platei,  to  allow  the 
tightening  to  be  dcme  properly,  as  fig.  355,  which  may  be  said  to  be 
the  best  scarf  to  resist  tension. 


_a 


While  dealing  with  "  scarfs " — though  a  little  out  of  place — it  may 
be  as  well  to  explain,  so  that  the  difference  can  be  noted,  those  that 
are  designed  to  resist  compression  used  in  perpendiculais,  posts,  etc., 
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and  that  used  for  bean'ng  timbers  subject  to  cross  stnin,  where  the  top 
fibres  are  in  compression  and  the  bottom  in  tension,  as  fig.  356. 

The  principle  of  scar&  for  tension  is  a  keyed  ievei,  while  that  for 
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cxxnpression  is  a  keyed  butt  joint,  as  square  as  possible,  so  as  to  distribute 
the  weight  all  over  its  area. 

Fig.  357  represents  the  simplest  form  of  scarf  used  in  posts,  though 
this   may   be  improved   by  checking,   as   fig.  358;  and  still  more  by 
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wedging  or  keying,  as  fig.  359;  and,  further  still,  by  fish-plates  and  a 
little  tabling,  whether  in  iron  or  wood,  as  fig.  360. 

llie  joint  to  resist  cross  strain,  applicable  to  breastsummers,  girders, 
binders,  joists,  and  other  bearing  timbers,  is  as  fig.  361 ;  the  square  butt 
j<Mnt,  X,  resisting   the  compression  in  the  top  fibres,  while  the  oblique 


butt    and    the   fish-plate    and   bolts  resist  the  tension  on  the  bottom 
fibres. 

Before  leaving  the  subject  oPjoints  in  longitudinal  and  other  bearing 
timbers  we  must  not  forget  the  lapped  joint,  though  it  is  the  least 
workmanlike  of  joints,  and  rarely  used  except  in  rough  work.     It  consists 


i 


Fiq  363 

in  lapping  one  length  of  timber  over  the  other,  as  fig.  362,  and  securing 
them  together  either  by  means  of  bolts,  A,  or  straps,  B. 

Wall  plates  are  scarfed,  as  in  fig.  363,  though  they  may  be  bolted 
together  in  addition. 

Klzig-post  BooliL^^The  "  king-post "  is  the  next  roof  which  circum* 
stancesi  as  it  were,  bring  before  the  carpenter,  and  to  his  help  into  the 
baiguo,  as  has  been  eicplained  earlier  in  the  course  of  these  notes. 
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This  form  of  roof  is  practically  the  beginning  of  all  "  trusses,"  which 
are  complete  framings  in  themselves,  spanning  from  wall  to  wall,  and 
doing  duty  for  the  cross  walls,  in  that  they  support,  in  their  turn,  the 
ridge  and  purlins,  which  require  a  bearing  every  8  or  lo  feet    Trusses 


Fig  3$4 


should  be  no  more  than  8  or  9  feet  apart,  and  have  a  9-inch  bearing 
on  each  wall. 

The  tie-beams  of  trusses  are  generally  cogged  on  to  wall-plates,  or 
wood-templates  about  30  inches  long,  built  in  the  walls,  as  fig.  364; 
or,  another  method  is  to  dowel  them  on  to  stone  pads,  as  fig.  365. 


Fig  366 


i  Seah 


Fig.  366  represents  a  king-post  roof-truss.  P  R  is  the  principal 
rafter,  5  inches  deep  and  4  inches  thick ;  T  the  tie-beam,  9X4  inches ; 
S  the  struts,  4x4  inches  ;  and  the  king-post,  K,  is  5I  x  4  inches  at  X; 
but,  as  it  has  to  be  cut  out  to  give  a  bearing  for  the  struts  and  principal 
rafter,  it  really  comes  out  of  9  x  4  inch  stuff,  being  9  inches  wide  both 
at  top  and  bottom,  reduced  between  to  5||  inches,  as  shown. 

A  very  simple  way  to  familiarity  with  and  recollection  of  the  safe 
sizes  of  the  various  members  of  a  king-post  roof  is  as  follows :  Divide 
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the   span  by  5,   and  call    the  quotient  inches,  which  is  the  required 
thickness ;  the  struts  should  be  always  square,  and  middle  of  the  king- 
post a  little  wider  than  its  thickness ;  and  the  setting  out  of  the  bevels 
will  then  give  the  actual  size  of  the  stuff  from  which  it  is  to  be  cut 
Assuming  9  inches  and  5  inches  as  the  standard  depths  for  tie-beams 
^d  principal  rafters  for  20  feet  span  respectively,  add  i  inch  to  each 
for  every  5  feet  additional  span.    Should  the  dividing  process  give  the 
answer  with  a  half-inch,  it  is  usual  to  take  it  off  for  slated  roofs,  which 
incline  at  an  angle  of  from  26  to  30  degrees,  or  about  "  one  quarter  pitch  " 
"-that  is  to  say,  the  ridge  is  a  quarter  of  the  span  in  height  above  the 

fipen. 


^^beam ;  but  for  tiled  roofs  add  i  inch  for  the  odd  parts,  as  tiled  roofs 
*^Ve  more  weight  to  carry,  and  they  are  usually  inclined  at  an  angle  of 
*S  dqirees,  being  what  are  called  "  half-pitched  "  roofs. 

Flat-pitched  roofs  are  not  so  strong  as  those  that  are  pitched  higher. 
^  nearer  to  the  perpendicular  that  wood  is  fixed  the  stronger  it  is. 
y^is  is  shown  by  the  Cetct  that  the  horizontal  thrust  of  a  pair  of  rafters 
^  proportionate  to  the  length  of  the  oblique  line  drawn,  at  right  angles 
^om  the  foot  of  the  rafters,  to  the  perpendicular  dropped  from  the  apex. 
^  fig.  367,  where  it  will  be  seen  that  the  flatter  the  roof  is  the  longer 
the  dilique  line. 
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The  joints  of  a  king-post  truss,  in  fact,  all  consist  of  mortises  and 
tenons  entering  but  a  short  distahce  into  the  timbers;  and  they  have 
all  bevelled  shoulders,  which  ought,  wherever  possible,  to  be  at  right 
angles  to  the  incline  of  the  roof. 


Fi^  366.  I  SoMt9 
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Fig.  368  is  the  joint  between  king-post  and  principal  rafters  at  the 
apex  supporting  the  ridge,  a  pair  of  2|  x  |  inch  wrought-iron  straps, 
bolted  from  side  to  side,  completing  the  joint ;  or  in  practice  a  through* 
bolt  from  A  to  B  will  answer  the  same  purpose,  though  not  so  good. 

Fig.  369  explains  the  joint  between  the  strut  and  princtpal  rafter 
carrying  the  purlin.    This  requires  no  ironwork. 
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Fig.  370  is  an  elevation,  and  fig.  371  a  section,  of  the  joint  between 
king-post,  tie-beam,  and  struts,  which  should  explain  itself. 

The  truss  is  either  tightened  up  to  what  is  called  a  "camber"  t^ 
means  of  the  stirrup-stiap,  with  the  gibs  and  keys  or  cotters,  as  shown. 


r/y  570     I'Scmla 

or  by  a  bolt  which  goes  up  through  the  centre  of  the  tie-beam  into  the 
king-post,  where  a  nut  is  let  in  through  a  hole  to  tighten  it  up. 

The  eamber  is  the  rise  (about  i  an  inch  in  every  10  feet)  given  to  the 
centre  of  the  tie-beam ;  so  that  when  the  roof  settles,  the  tie-beam  may 


stay  at  its  level,  instead  of  dropping  below  it  (vide  respectively  figs.  37a 
and  373). 

The  joint  between  the  tie-beam  and  the  foot  of  the  principal  rafier  is 
called  a  butting  joint,  being  as  fig.  374 ;  which  is  completed  either  by 
a  z}  X  I  indi  wrought-iron  heel-strap  encircling  the  joint,  as  shown,  or 
by  a  bolt  pat  obliquely  through  the  centre  of  the  tie-beam  and  rafter. 
The  mortise  and  tenon  are  similar  to  fig.  375.     Instead  of  this  "  butting  " 
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joint,  a  iruiU  joint  is  sometimes  used  (see  fig.  376),  which  will  show  that 
bridle  joints  are  really  the  converse  of  the  butting  joint  or  a  mortise  and 
tenon,  when  applied  to  other  framing. 

They  are  not  very  often  used,  though  they  are  another  fonn  of  joint 


/*^ 
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The  bridle  should  never  be  more  than  one-fifth  of  the  thickness  of  the 
timber,  on  account  of  the  weakening  of  the  cheeks,  which  would  be  very 
liable  to  be  wrenched  o£F  if  they  were  not  considerably  mote  than  the 
bridle  in  thickness. 


Sometimes  king-post  roof-trusses  are  constructed  with  the  tie-beam  in 
two  thicknesses,  one  notched  to  each  side  of  the  foot  of  the  principal 
rafters  and  king-post,  as  in  fig.  377. 

The  other  joints  are  the  same  as  in  the  ordinary  truss,  with  the  excep- 
tion that  the  ridge  is  boxed  lower  down  into  the  king,  so  that  the  top  of 
the  common  rafters  is  level  with  the  top  of  the  principal  rafters  (fig.  378). 


ROOFS. 


147 


Fig  376 
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This,  of  courae,  necessitates  the  purlins  being  framed  into  the  principal 
backs,  which  is  done  by  means  of  a  tusk  tenon  {vide  ante,  fig.  281). 

King-post  trusses  are  suitable  for  spans  up  to  30  feet. 

Qneen-pOBt  B00&. — Queen-post  trusses  are  used  for  spans  over  30 
feet,  and  contain  two  perpendiculars  to  brace  up  the  tie-beam  spanning 
the  walls. 

Fig.  379  is  a  "  queen-post  truss  "  for  a  33-feet  span.  The  same  form 
i  suitable  up  to  about  43  feet  span,  and  beyond  that  size  princesses,  or 
intermediate  posts  and  struts,  have  to  be  inserted  between  the  "  queens  " 
and  the  heels  of  the  roof,  as  shown  by  dotted  lines  ;  and  it  is  sometimes 
necessary  to  frame  a  small  king-f)ost  truss  (also  shown  on  the  figure  by 
dotted  lines)  above  the  straining  beam  St,  to  support  the  ridge.     S  S  is 


the  straining  sill,  and  Q  the  queens.    The  other  members  are  known  by 
the  same  names  as  in  other  trusses. 

A  good  rule  to  ascertain  the  thickness    of  queen-post   trusses  is  as 
follows  :  Divide  the  span  by  8,  and  the  quotient  will    be  the    required   1 
thickness  (in  inches),  making  up  for  odd  parts  by  adding  another  iodi 
for  heavy-tiled  roofs,  and   omitting  such   fraction  for   slates,  as    before 
explained. 

Taking  the  tie-beam  for  32-feet  span  at  11  inches  deep,  and  principal 
rafters  at  6  inches,  by  adding  i  inch  for  every  5  feet  additional  span,  we 
can  arrive  at  their  depth  for  the  different  roofs. 

The  struts  and  middle  of  the  queens  are  usually  square. 

Coming  to  the  details  of  the  joints,  we  find  they  are  similar  to  those 
for  a  king-post  roof;  except,  of  course,  those  at  the  head  and  foot  of  the 
"  queens,"  which  are  as  shown  on  fig.  380. 

Wood  and  Iron  King-trusaes.— Fig.  381  is  an  illustration  of  a  wood- 
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truss,  with  an  iron  king-rod,  the  joints  of  which  are  explained  in  detail 
figs.  382  and  383. 

From  these  it  will  be  seen  that  a  wrought-iron  king-bolt,  |  ind 
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diameter,  slings  up  the  tie-beam  to  the  apex,  where  a  cast-iron  1: 
receives  the  principal  rafters  into  sockets  on  either  side  of  the  king-i 
which  goes  through  the  hollow  cast-iron  work,  and  is  bolted  up  from  ab 
the  apex  to  the  bottom  of  the  tie-beam.    The  struts  are  likewise  recei 
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by  cast-iron  sockets,  screwed  on  to  the  top  of  the  tie-beam  through  which 
the  king-rod  is  placed. 

Sometimes,  to  save  expense,  a  plate  is  fixed  on  the  underside  of  the 
tie-beam  and  bolted  through,  to  secure  the  shoe-plate  for  the  struts. 

Sometimes  the  struts  butt  against  each  other  round  the  king-rod,  as 
fig.  384 ;  firom  which  it  will  be  seen  that  there  is  nothing  to  keep  them 
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in  position,  laterally,  except  the  spikes  which  fix  them  to  the  beam.  This 
is  called  a  sirui  and  beam  joint 

Another  form  of  this  kind  of  roof-trussing,  with  wood  and  iron,  is  as 
fig.  385 ;  which  is  all  iron  except  the  principal  backs,  wrought-iron  being 
used  lor  struts,  ties,  and  king-rod,  and  cast-iron  for  heel  and  head  sockets. 

The  detaik  of  joints  and  construction  are : — 
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Fig.  386  represents  joint  at  A. 

Fig.  387  shows  the  joint  at  B. 

Fig,  388  that  at  C. 

Therefrom  the  student  will  see  that  wood  struts  could  be  substituted 
for  the  Tee  irons,  if  thought  advisable ;  and  the  tie-rod  could  be  forged 
out  to  a  sufficient  width  to  give  them  a  bearing  on  each  side  of  the 
king-rod- 


F,^  388 

Wood  and  Iron  Collar  Ttiibb.— Another  form  is  as  fig.  389,  the  joints 
of  which  it  is  needless  to  enlarge  upon.  The  student  can  make  them  out 
from  others  of  a  similar  kind  already  illustrated  in  the  course  of  these 
notes- 


Queen  Plat  Truss. — The  next  form  of  roof  to  which  the  student's 
attention  should  be  drawn  is  the  queen-post  roof,  used  as  a  flat  roof  over  the 
straining  beam  ;  the  only  points  new  to  the  student  being  the  suspension- 
rod  in  the  centre,  and  the  beam  and  strut  joints  under  the  straining  beam 
which  carries  the  bearers  of  the  flat  to  be  boarded  and  covered  with  lead 
or  zinc  (fig.  390). 
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Mansard  Roof. — The  Mansard  roof  {invented  by  &  Frenchman  of 
that  name  with  a  view  to  utilising  the  roof  spaces  as  much  as  possible)  is  a 
roof  similar  to  iig,  391.  The  joints  are  all  known  to  the  student,  and  it 
only  remains  to  be  saidthatlhis  form  ofroof  can  be  very  much  strengthened 


by  the  tie-beam  being  made  the  head  of  a  bolted  and  trussed  partition 
below,  especially  if  queen-trussed  with  intertie  built  into  the  enclosing 
walls,  or  a  partition  with  no  openings  in  it. 

Occasionally  cases  crop  up  where  trusses  are  necessary,  but  cannot  be 


used  for  various  reasons,  and  the  cross-walls  are  too  far  apart  for  ordinaiy 
purlins  ;  recourse  then  has  to  be  made  to  trussed  purlins  or  ridgeSj  but 
sometimes  the  ordinary-  purlins  ax^fiitched  to  give  them  additional  strength 
{vide  ante,  fig.  295),  or  frussed  (as  figs.  296  and  297,  Chapter  VIII.). 

Another  way  is  to  build  up  an  ordinary  framing,  as  fig.  392,  the  joints 
of  which  have  been  already  illustrated  in  different  places,  or  under  preced- 
ing headings.     Here,  the  wail  posts,  P,  are  called  puncheons;   and  the 
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framing  may  be  either  of  the  king  or  queen-post  class,  according  to  circum- 
stances and  the  bearings  between  walls.  The  dimensions  of  the  timbers 
also  fcdlow  the  ordinary  rules. 


r/y  393 


Detafla  of  Boofr. — ^ps  are  the  external  angles  made  by  the  junction 
of  the  roof  and  its  return  round  the  ends,  where  the  end  walls  are  not 
carried  iq>  to  die  underside  of  the  rake  of  roof  to  form  gad/es,  as  fig.  393. 


ISe  BUILDING  CONSTRUCTION. 

Vall^s  are  the  converse  of  hips,  &n^jack  rafters  are  the  short  rafters 
which  run  between  the  hips  or  valleys  and  the  wall-plates. 

Dormers  are  gables  on  a  smalt  scale,  or  vertical  windows  placed  on  the 
inclined  plane  of  a  roof. 

Fig.  394  illustrates  a  returned  roof,  with  hips  and  a  valley,  showing 


generally  the  positions  of  some  of  the  parts  hereinbefore  described,  as 
particularised  in  the  accompanying  reference —viz.,  A,  >'alley ;  B,  hip  ;  C, 
jack  raftera  ;  D,  ridge ;  E,  eaves ;  F,  common  rafters ;  G,  gable ;  H, 
dormer;  P  puriins ;    W,  wall-plate. 


Hips,  on  account  of  their  great  length,  are  sometimes  made  the  principal 
rafter  of  half-trusses,  which  are  bolted  with  angle  irons  to  the  king-posts  of 
the  main  trusses,  as  at  X,  on  fig.  3g5  ;  and  they  are  framed  al  the  external 
angles  into  dragons,  D,  which  are  halved  over  the  angle  of  the  two  wall- 
plales,  W,  and  "  tusk-tenoned "  into  an  anglt-brace.  A,  which  stretches 
from  wail-plate  to  wall-plate,  forming  an  equilateral  triangle  with  them. 
Fig.  396  is  a  plan  and  fig.  397  a  section  explaining  the  foregoing  details. 


Valleys  are  treated  in  a  similar  way,  but  being  internal  angles,  have  often 
to  be  covered  with  lead,  which  means  boarding  as  a  fonndation,  as  fig.  398. 
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Instead  of  valley-rafters  one  roof  is  sometimes  run  through,  and  a 
valley  board  put  on  it,  from  which  the  short  or  jack  lafteis  spring  to  the 
ridge,  as  fig.  399. 


BUILDING   CONSTRUCTION. 

The  eaves  of  roofs  are  at  the  feet  or  bottom  of  the  rafters,  where  all 
the  rain-water  is  collected  into  cast-iron  gutters,  hanging  over  the  walls, 

from  which  it  is  taken  by  cast-iron  downpipes  to  the  drains  below. 


Fig.  400  represents  an  overhanging  eaves  with  a  fascia,  F,  fixed  to  the 
feet  of  the  rafters,  for  carrying  the  cast  iron  moulded  guttering,  G  j  irtiile 
fig.  401  shows  the  same  fixed  to  a  wood  cornice. 


) 


Fig.  409  represents  a  cast-iron  half-round  gutter,  fixed  by  wrought 
banging  irons  to  the  wrought  and  cut  rafter  feet ;  these  irons  can  also  be 
fixed  <m  the  top  of  the  rafters,  but  they  are  awkward  if  the  gutter  should 


Fiy  403 

afterwards  have  to  be  altered,  necessitating  taking  off  a  few  courses  of  the 
dates  or  tiles  to  get  at  them. 

Fig.  403  represents  the  same,  but  the  gutter  is  carried  by  wrought-iron 
ivackets.  fixed  to  the  walls,  which  looks  clumsy  in  work. 

Gutters — tx.,  those  boarded  and  lead-lined — are  laid  either  behind 
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parapets  and  chimneys,  or  between  M  roofs.  They  should  never  be 
narrower  than  9  inches  at  the  bottom  or  starting-point,  should  rise  about 
i^  inches  in  no  more  than  10  feet  lengths,  at  the  outside,  and  between 


Fig  40^       tScah 


each  10  feet,  or  less  length,  there  should  be  a  2-inch  drip,  to  give  the 
water  an  impetus,  and  also  to  allow  the  plumbers  to  joint  their  lead.    It 


-=^ 
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should  be  borne  in  mind,  in  arranging  the  drips,  etc.,  of  gutters,  that  the 
sun  interferes  with  lead  when  in  long  lengths,  so  that  drips  should  be  placed 
within  the  lo-feet  limit  where  practicable. 


Tilfr 
Lemn  6oar</ 
fii/tter  bomrd 
Oyiter  besngr 


Section  A.B. 


Fig  406 


Fig.  404  represents  the  plan  of  a  lead  gutter  between  two  ro6fe,  M, 
and  fig.  405  a  longitudinal  section. 


Drip  or 
drop 


Robmto  for  iemd 


Fig  407.   Section  CD. 

Fig.  406  is  a  cross-section  of  such  a  gutter,  and  fig.  407  an  enlarged 
longitudinal  section  through  a  2-inch  drip. 

It  is  always  better  to  nail  a  feather-edged  fillet  on  the  &ce  of  die  drij^ 


ROOFS. 


l6l 


to  make  the  angle  the  more  obtuse  for  dressing  the  lead  over,  as  fig^  408. 

Moreover,  care  should  always  be  taken  that  the  boards  carrying  tlie  lead 

are  laid  in  the  direction  of  the  fall,  and  not  crosswise. 

The  kar-boards  and  tilter  are  also  fixed  at  the  top  return,  X  fig*  406, 
as  at  the  sides. 

Cesspools  are  sunk  boxes,  placed  at  the  lowest  points,  to  collect  the 
water  previous  to  discharging  it,  through  a  pipe  fitted  to  the  bottom  of  the 
cesspool,  into  the  rain-water  pipe,  or,  better  still,  into  a  head  connected  to 
the  downspout  (fig.  409).  The  heads  allow  of  the  lead  bend  to  the  cesspool 
being  open  at  both  ends  and  accessible,  which  is  a  great  convenience  when 


Fig  408 


Fig  409,  Section  at  Cesspool 

^  ^y  get  stopped  up  with  leaves— a  very  common  occurrence.  It  is  more 
^'^^enient  to  have  spout  troughs  through  the  walls  from  cesspool  to  head, 
when  circumstances  will  allow  of  it. 

^e  position  of  these  cesspools  has  to  be  regulated,  of  course,  to  suit 
^^  elevations  of  the  building  and  the  position  in  which  the  downpipes  can 
•^placed. 

^e  angles  of  cesspools,  as  well  as  the  bottoms,  should  be  dovetailed 
^ether  to  make  a  satisfactory  and  good  job,  though  they  are  often  only 
^gued  together.  Their  size  varies,  of  course,  according  to  circumstatnces, 
oe  standard  being  12  inches  square  and  9  or  10  inches  deep. 

Lead  Flats. — ^The  same  rules  apply  to  lead  flats  as  to  gutters,  the 
^  of  which  are  regulated  by  the  bearers,  which,  of  course^  are  stronger 
^coording  to  the  increased  bearing. 


II 
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The  rolls,  etc.,  necessitated  by  the  widths  of  Idid  or  zinc  will  be  d 
with  in  Chapter  XIV,,  on  Plumbing  and  Zincwork. 

Gutters  behind  parapet  walls  or  chimneys  are  under  the  same  r 
with  regard  to  falls,  etc.,  as  last  described,  and  are  constructed  similaj 
figs.  410  and  411  respectively. 


Gutters,  owing  to  their  rise  up  between  the  roofs,  etc.,  increase  in  wi 
consequent  on  the  greater  distance  between  the  eaves  of  the  roof  as  I 
get  higher  up  {see  fig.  412) ;  and  they  must  be  shown  to  increase  in  wi 
on  all  plans  accordingly. 

All  leadwork  in  gutters  or  flats,  where  traffic  would  gradually  wea 
away,   should  be  protected    by  snow-boards,   which   consist   of  arc 


^ 
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3>  across  the  gutters,  supporting  laths  or  lattice-work  no  more  than 
h  apart,  running  longitudinally  with  the  (all.  The  bearers  must  be 
I  when  laid  across  to  allow  the  water  to  pass,  and  the  spaces  between 
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'  blhs  should  never  be  more  than  ^  inch  in  width,  as  snow  will  get 
xtgh  wider  interstices,  freeze,  expand,  and  upset  the  laths,  besides  fordng 
nter  under  the  diip  or  drop,  and  causing  a  backing  up,  and  consequently 
D(  the  water  within  the  roof  when  the  thaw  sets  m  {pide  fig.  413). 


CHAPTER  XI. 

IRON    AND    STEEL. 

1 

Pig  Iroii — Cast  Iron — Cast  Malleable  Iron — Wrought  Iron— Rolled  Girders  and  Joist*- 

^  Steel. 

It  is  only  proposed  to  deal  with  the  subject  of  iron  and  steel  from 
a  builder's  point  of  view,  and  not  as  would  be  required  for  an  engineer 
or  ironfounder,  a  brief  risumk  being  given  of  the  various  points  of  which 
the  student  is  required  to  have  some  knowledge* 

Pig  Iron. — Wrought  and  cast  iron  and  steel  are  all  juade  from  pk 
iron^  extracted  from  the  natural  ore  by  the  smelting  process,  which  consists 
of  heating  the  ore  in  a  furnace,  after  it  has  been  crushed  into  smaller 
particles,  and  then  roasted  or  dried. 

When  in  the  furnace  limestone  is  added  to  the  prepared  dry  ore  to 
extract  its  impurities,  and  a  hot  or  cold  blast  passed  over  the  aggr^e, 
resulting  in  the  molten  metal  leaving  the  lighter  and  more  fusible  impurities 
at  the  top,  and  sinking  itself  to  the  bottom,  whence  it  is  run  into  long 
channels  with  branches  formed  in  sand  called  the  "sow  and  her  pigs,' 
which  gives  this  iron  its  name. 

This  "  pig  •*  or  unpurified  cast-iron  is  divided  into  the  foundry  and 
forge  qualities,  distinguished  by  the  combination  and  amount  of  the  carbon 
each  in  the  first  instance  contains,  the  resulting  cast-iron  having  a  propor- 
tion of  from  2  to  6  per  cent.,  while  steel  should  only  have  from  0*15  to  2*00 
per  cent.,  and  good  wrought-iron  should  be  practically  free  from  it 

Carbon,  although  it  plays  such  a  very  important  part  in  iron  and  steel, 
is  considered  a  foreign  matter,  the  effect  which  it  has  on  the  different 
metals  depending  on  the  nature  of  its  combination.  When  it  is  in  chemkd 
combination  in  cast-iron  it  produces  a  white,  hard,  and  brittle  metal,  only 
fit  for  the  commonest  uses,  such  as  sash-weights. 

On  the  other  hand,  a  mechanical  mixture,  in  which  particles  of  calrbon 
appear  as  black  specks,  giving  it  a  grey  appearance,  pcoduoes  saperior 

metals,  that  of  a  light  grey  colour  being  hard  and  brittle,  and  suitable  Av 
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heavy  castings,  while  the  dark  grey  is  weak,  and  only  used  for  light 
ornamental  work ;  but  a  medium  quality  in  colour  gives  us  a  strong  and 
durable  metal,  of  weight-carrying  properties,  capable  oi  resisting  con- 
siderable pressure. 

Oaat  Iron. — ^White  cast-iron  is  made  from  forge  and  grey  from 
foundry  pigs,  each  of  which  is  remelted  and  run  into  the  moulds  formed  in 
sand  according  to  requirement. 

Good  cast-iron  should  be  of  uniform  toughness,  with  an  even  surface 
and  straight  edges,  to  show  even  shrinkage,  while  a  fracture  of  the  best 
quality  should  be  clean  and  bright,  of  a  bluish-grey  colour,  and  free  from 
any  air  or  sand-holes,  the  presence  of  which  ban  easily  be  detected  in  the 
mass  by  the  hoDow  sound  given  when  the  metal  is  hammered. 

All  angles  of  castings  should  be  gradual,  to  prevent  uneven  shrinkage. 


! 
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^  a  thin  portion  will  naturally  cool  much  faster  than  a  thick  one ;  and 
where  these  two  are  adjacent  their  junction  must  be  gradual,  so  that  the 
^  part  shall  not  set  first  and  act  as  a  check  on  the  other,  and  cause 
^^'^cks.  Tbi9  point  is  of  especial  importance  in  castings  for  girders  and 
^tilevers,  on  account  of  the  great  difference  there  is  between  the  power 
^cast-iron  to  resist  compression  and  tension,  the  former  being  38  tons  pet 
^uare  inch,  and  the  latter  about  8  tons  ultimate  strength. 

lie  "  safe  "  load  is  about  8  and  i^  tons  per  square  inch  respectively, 
^  nearly  in  the  proportion  of  i  to  6  ;  and  when  it  is  considered  that  both 
^ges  of  a  girder  are  subject  to  the  same  amount  of  stress,  the  top  one  of 
impression  and  the  bottom  of  tension,  it  is  obvious  that  their  respective 
^ional  areas^  to  resist  their  strains,  must  be  in  the  proportion  of  i  to  6, 
othenrise  there  would  be  either  a  waste  of  metal  or  lack  of  strength  in 
one  or  the  other. 

Therefore  the  section  of  a  cast  iron  girder  must  be  as  fig.  414,  the 
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bottom  flange  having  six  times  the  area  of  the  top  one ;  while  the  wei, 
as  the  vertical  portion  is  called,  must  make  a  gradual  junction  between  the 
two  at  top  and  bottom. 

"  Girders,"  it  will  be  understood,  are  bearers  havii^  supports  at  both 
ends,  while  a  "cantilever,"  as  fig.  415,  has  only  one  end  fixed;  and 
consequently  the  strains  on  the  flanges  are  the  levene  of  those  crf'girden 
{as  will  be  explained  in  Chapter  XXIV.),  necessitating  also  the  revmal  of 
the  section  in  cast-iron  cantilevers,  which  should  be,  therefore,  as  shown 
in  fig.  416. 

CaJtt  Malleable  Ihhl— "Cast  malleable  iron"  results  from  the  ei- 
traction  of  a  proportion  of  the  carbon  out  of  cast-iron  by  means  of  embedding 
the  casdt^  in  oxide  of  iron,  and  reheating  it  in  an  annealing  or  softenii^ 
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oven.  This  kind  of  iron  combines  the  qualities  of  wrought  and  cast-iron, 
and  is  used  for  intricate  work  in  wrought-lron  specialities,  beitig  welded 
to  the  wrought-non  plainer  portions,  which  cannot  be  done  with  cast-iron. 

Wroogbt  Iron. — "Wrought  iron,"  which  has  now,  to  a  great  extent, 
superseded  cast-iron,  except  for  ornamental  purposes,  is  the  product  of 
"  Forge  Pig,"  the  resulting  metal  containing  not  more  than  o"i5  per  cent 
of  carbon.  The  excess  of  carbon,  it  is  obvious,  must  be  extracted  from 
the  iron,  the  usual  processes  being  as  follows  : — 

The  pig  iron  is  first  puddled  or  melted  clear  of  any  fuel,  but  with 
other  substances  (containing  oxygen)  to  take  out  the  remainii^  carbon ; 
and  when  this  is  done  the  metal  is  collected  and  cooled  into  lumps,  which 
are  then  shingled  or  placed  under  a  heavy  hammer,  by  which  the  iron  is 
consolidated,  and  all  other  foreign  matters  are  crushed  out. 

The  bloom,  as  it  is  called,  resulting  from  this  hammering,  is  then 
rolled,  while  still  hot,  into  puddkd  dars,  which  are  the  first  and  lowest 
quality  of  wrought-iron.  As  manipulation  improves  the  tenacity  and 
strei^th  of  wrought-iron,  these  puddled  bars  are  cut  up,  piled,  heated,  and 
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rolled  as   before ;    forming    the    rnercAant   bar,    or  second    quality  of 
"Tought-iron ;  and  a  repetition  of  this  process  produces  the  best  bar, 
or  third  quality ;    while   Best-Best,    B    B,    and  BestBesl-Best,    B  B  B, 

are  ihe  outcome  of  further  repetitions — each  such  operation  having  the 
effea  of  giving  the  iron  a  more  uniform  fibrous  nature. 

ftwrf  wrought-iron  is  of  a  very  lough,  fibrous,  weldable  nature,  capable 
"f  elongation,  under  certain  weights,  with  little  proportionate  contraction 
of  area — varying  from  to  to  20  per  cent,  according  as  it  is  across,  or  with 
ihe  fibre  of  the  metal.  It  has  also  the  power  of  elasticity,  or  going  back 
lo  its  original  size  and  section,  after  the  weight  has  been  removed  ;  though 
il  can  be  fatigued  by  a  continuance  of  that  weight,  which  is  said  to 
ause  a  permanent  set ;  meaning  that  the  iron  then  stops  atl  the  position 
to  which  the  load  has  drawn  it,  and  this  is  said  to  be  its  limit  oj  elasticity, 
"lending  to  one-half  its  ultimate  strength.  It  should  be  capable  of  bear- 
'ng  14  tons  per  square  inch,  ultimate  tensile  strain,  and  about  20  tons  of 
compression  and  shearing  ;  equivalent  to  safe  loads  of  about  5  and  4  tons 
respectively.  These  two  powers  of  resistance  are  so  much  more  nearly 
iqual  in  wrought  than  in  cast-iron,  that  top  and  bottom  flanges  of  a  girder 
nay  be  made  alike,  with  little  waste  of  material  or  forfeiture  of  strength. 

Rolled  Oirders  and  Joists. — Therefore  girders  or  joists  are  rolled 
W  sections,  as  fig,  417  ;  and,  in  addition,  they  can  be  built  up  (in  wrought 
ifon)  to  any  size,  section,  or  design  ;  because  the  iron  can  be  welded, 
"'eied,  bent,  rolled,  or  otherwise  worked  to  any  form,  which  cannot  be 
■lone  with  cast-iron  on  account  of  its  brittleness. 

The  surface  of  the  fracture  of  good  wrought-iron,  under  a  weight  ap- 
iifeil  slmvly  and  gradually,  should  be  stringy  in  appearance,  as  if  every 
'"'le  fibre  had  held  out  to  the  last  on  its  own  account,  some  with  greater 
success  than  others ;  while  the  fracture  under  a  sudden  shock  would  be  of 
^  toore  crystalline  nature,  its  coarseness  or  fineness  indicating  its  quality  ; 
""«  sime  deductions  being  drawn  from  the  fine  or  coarse  strings  of  a 
^^liual  fracture. 

Iron  contracts  or  expands  xjoVinr  "''  '^  length  for  every  degree 
'  ^^hrenheit)  of  temperature ;  and  this  must  be  taken  into  consideration  in 
''^signing  large  wrought-iron  structures. 

Phosphorus  is  said  to  make  wrought-iron  cold  short — i.e.,  not  capable 
'^f  being  bent  and  worked,  as  it  should  be,  when  cold  ;  while  the  presence 
^'f  sulphur  has  the  opposite  effect,  rendering  it  hot  short. 

Steel. — Steel  has  a  tensile  strength  of  32  tons  per  square  inch,  ultimate 
'^f  'ireaking  weight,  and  the  same  of  compression  with  shearing  at  24  tons 
~ei[:h  of  which,  it  will  be  noticed,  exceeds  the  power  of  resistance 
"f  *roughi-iron,  which  it  has  superseded ;  the  kinds  generally  used  for 
wildings  being  Siemens- Mar  tin  and  Bessemer  Basic — -the  forcner  usually 
Preferred  on  account  of  its  greater  toughness,  though  the  latter  rolls  into 
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more  shapely  joists,  and  bas  bye-products  valuable  to  the  manufacture 
This  difTerence  is  not  worth  considering  in  ordinary  buildings,  and  more 
over  the  Bessemer  Basic  is  a  trifle  cheaper. 

Steel  contains  rrom  o'ls  to  i  per  cent  of  carbon,  the  amount  bein, 
regulated  either  by  addition  to  wrought  or  extraction  from  pig-iron,  a 
hereinafter  explained.  Il  has  the  strengths  previously  mentioned,  witi 
greater  elasticity,  and  combines  most  of  the  useful  characteristics  of  boti 
cast  and  wrought-iron  ;  in  addition  to  which  it  can  be  hardened  or  softened 
which  is  called  Umpiring;, — the  former  being  done  by  reheating  am 
uiddtn  cooling,  and  the  latter  by  reheating  at  a  lower  temperature  ati' 
gradual  cooling. 

The  various  kinds  of  steel  are  made  as  follows  : — 
Tool  Sleel,  as  the  name  implies,  is  used  for  all  kinds  of  instrument: 
including  knives,  and  other  cutting  tools.  It  is  the  product  of  "  cement; 
tion,"  which  consists  of  the  cutting  up  of  pure  wrought-iron  bars  an 
heating  them  with  charcoal  at  a  high  temperature,  forming  Blister  Str 
— so  called  because  of  the  blisters  made  by  the  process  on  the  face  of  th 
iron.  It  is  then  reheated  and  rolled,  forming  Spring  Steel;  while  & 
single  and  doubk  shear  steels  are  the  results  of  further  cementations,  aft" 
which  the  metal  is  hammered  togetlier  by  a  large  "tilt  "  hammer. 

Cast  i'/w/includes  the  following  different  methods,  the  resulting  materia 
being  used  for  cutlery,  railway  rails,  and  wheels,  arraour,  boiler  plates,  etc.  :- 
The  Btssemer  process  includes    the  mehing   of  pig-iron   with   otlL. 
fluxes,  to    produce  pure  wrought-iron,  to  which   the  required  carbon 
added  in  the  form  of  "  Spiegeleisen." 

The  Siemens  process  substitutes  Mokta  ore  for  the  Spiegeleisen  ;  while 
The  Siemens-Martin  method,  wrought  scrap  iron  is  added,  to  give  C 
required  carbon. 

The  resulting  metal  is  then  rolled,  according  to  Whitworth's  patent, 
compress  the  mass  and  get  rid  of  the  holes  contained  in  all  cast-ste 
These  last  processes  make  the  steel  which  is  usually  rolled  into  girde 
etc,  for  building  purposes. 

Mild  steel  can  be  made  by  the  above  processes,  but  contains  frd 
o'l  to  0-5  per  cent,  of  carbon  only,  and  is  superior  to  wrought-iron- 

Wrought-iron  and  steel,  by  the  equality  of  their  different  powers,  hs* 
a  great  advantage  over  cast-iron,  which  they  entirely  supersede  for  m< 
work  in  which  the  structures  are  subject  to  both  tension  and  compressi*: 
alternating  in  the  same  flanges,  especially  in  continuous  girders,  etc  ( 
explained  in  Chapter  XXIV.). 

\Vhen  wrought-iron  or  steel  girders  meet  from  different  directions  ovi 
columns  they  must  be  grouped  together  by  angle  plates,  bolted  to  ti 
webs  of  each  girder,  so  that  they  can  assist  each  other  to  make  up  ft 
their  small  bearings,  which  should  scarcely  ever  be  less  than  9  1 
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fot  weight-carrying  joists,  girders,  etc     Figs.  418  and  419  illustrate  what 
is  lequiied  at  such  junctions  over  columns. 

To  guard  against  corrosion,  which  gradually  reduces  their  strength,  these 
metals  may  be  variously  treated,  by  being : — 

1.  Bfflled  in  tar; 

2.  Plunged  into  oil  when  red-hot,  or  coated  with  boiled  oil; 


Soetion  thro'  Webs 

(looking  down ) 

Fig  4/S 

3-  Galvanized  by  a  covering  of  zinc ;  or 

4-  Painted  with  oxide  of  iron  instead  of  lead-paint,  in  order  to  give 
"'^  some  protection  from  atmospheric  and  other  influences,  which  tend 
l^iojare  them,  and  bring  about  deterioration  of  strength  ;  and  just  lately 
that  been  found  that  by  adding  a  small  proportion  of  aluminium  to  the 
"Hi  in  the  manufacture  the  corrosion,  to  which  it  is  greatly  and 
pRjudicIally  subject,  can  be  considerably  reduced- 


CHAPTER  XII. 

RIVETS  AND  RIVETING. 

Riveted  Work— Hand  Riveting— Machine  Riveting— Forms  of  Rivets— Size  of  Rifets- 

Methods  of  Riveting. 

Riveted  Work. — Riveting  is  the  means  by  which  "  first-class  "  wrouj^t- 
iron  and  steel  framings  are  connected  together,  and  especially  girders  buHt 
up  of  several  members,  the  common  class  of  work  being  connected  hf 
bolts  in  lieu  of  rivets.  It  can  be  done  by  hand  or  by  machinery,  and 
consists  of  circular  tapered  wrought-iron  pins,  as  it  were,  similar  to  fig.  420, 
with  heads  of  various  patterns,  which  are  driven  when  hot  into  holes 


^/y  420 

concentrically  made  in  the  two  pieces  of  wrought-iron  or  steel  to  be 
connected  together.  The  rivets  should  be  made  of  the  very  best  (B  B  B) 
wrought-iron,  the  Staffordshire  and  Yorkshire  qualities  being  the  most 
suitable,  as  they  are  capable  of  withstanding  an  ultimate  shearing  strain 
(to  which  rivets  are  subjected)  of  about  25  tons  per  square  inch,  with  a 
contraction  of  area  of  from  40  to  50  per  cent.,  and  elongation  of  20  per 
cent.,  before  a  permanent  set  takes  place. 

Good  rivet-iron  should  admit  of  being  doubled  up,  when  cold,  with- 
out showing  any  signs  of  fracture ;  and  the  heads,  when  hot,  should  be 
capable  of   withstanding  liammering  down  to  almost  a  flattened  thin 

surface  before  cracking  at  the  edges,  and  they  should  allow  of  a  hck 

Z70 
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tieing  punched  through  them  of  nearly  their  own  diameter  without  crack- 
'ng  round  the  hole. 

Inasmuch  as  the  entire  strength,  and  consequendy  the  successful 
^dapialion  to  its  work,  of  the  structure  or  girder  often  depends  wholly 
31  certain  points  on  these  rivets — which  have  to  transmit  unaided  a 
complete  series  of  great  and  heavy  strains  from  one  plate  or  member 
'o  another,  which  they  are  connecting  together — it  is  absolutely  necessary 
that  the  best  rivet-iron  should  always  be  used,  and  fully  up  to  the  specifica- 
'•on  on  which  the  calculations  for  the  girder  or  framing  have  been  based  ; 
^nd  it  is  also  necessary  that  the  operation  of  riveting  should  be  performed 
'O  the  best,  soundest,  and  most  workmanlike  manner. 

Band  Riveting. — The  method  of  proceeding  in  "  hand  riveting  "  is  as 
follows :  A  gang,  of  two  boys  and  three  men,  is  set  on  to  each  job,  the 
t'oj's  having  to  heat  the  rivets  in  a  portable  smith's  forge  adjoining  the 
*'Ork|  and  to  hand  them  up  in  buckets,  when  hot,  to  one  of  the  men  who 
stands  under  the  plates  to  be  connected  up.  This  single-handed  man — 
Slaving  previously  knocked  out  of  the  rivet-holes  a  punch  with  which  he 
has  tested  them  for  position,  so  as  to  see  that  the  holes  in  the  plates 
coincide  properly  and  are  concentric — pushes  up  the  red-hot  rivet  through 
the  holes,  and  places  his  hammer  on  its  head  underneath.  On  the  pin  of 
the  rivet  coming  through  the  hole,  and  when  the  man  underneath  has 
secured  his  iron  to  its  head,  one  of  the  two  men  who  are  at  the  top  of  the 
plaies  then  hammers  the  tail  of  the  rivet  down,  so  that  it  fills  the  holes 
Completely.  It  is  to  be  noted,  that  it  cannot  be  driven  downwards  again 
through  the  plates,  because  of  the  man's  iron  below ;  and,  as  the  plates 
should  previously  have  been  hammered  close  together,  the  metal  shank 
^^^nol  be  squeezed  between  the  plates,  and  so  keep  them  apart  after- 
wards. 

This  being  done,  the  second  man  at  the  top  then  places  an  iron  die 
°^wihe  red-hot  iron,  which  has  now  been  compresFcd  within  the  holes, 
^""1  the  other  hammers  it  down,  so  that  the  die  forms  the  upper  end  or 
^tfiet  head  of  the  rivet.  The  rivet-heads  may  be  of  various  patterns,  as 
''^rcjnafter  explained.  The  whole  of  this  process  only  lasts  a  few  seconds, 
*"d  on  the  iron  cooling  it  contracts  and  pulls  the  plates  together  by  means 
°'  the  ends  of  the  pin  of  the  rivet,  as  the  sketches  will  explain. 

Machine  Riveting. — "Machine  riveting,"  of  course,  has  to  be  done  in 
'''e  shops  at  the  ironbuilder's  yard  or  works  ;  so  that  only  certain  parts, 
'hough  often  the  majority,  can  be  riveted  together,  by  machines,  which 
'wk  on  similar  lines  to  the  process  of  hand  riveting,  but  have  the 
*<i'''antage  of  making  both  ends  of  the  rivet  at  the  same  time,  while  the 
''T  great  pressure,  oftentimes  from  50  to  60  tons,  compresses  the  iron 
^  fills  up  the  rivet  holes  so  much  better  than  when  done  by  hand ;  and 
ftiiwequenlly,  when  the  rivets  cool  and  contract,  they  have  greater  power 
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to  pull  the  plates  together.  Indeed,  cases  have  been  known  where  die 
pins  of  machine-riveted  work  have  been  so  tightly  fitted  in  the  holes,  that 
when  the  heads  have  gone,  or  been  removed,  the  pins  have  kept  the  plates 
together ;  and,  moreover,  the  pins  have  even  had  to  be  "  drilled  out,"  when 
required,  because  they  could  not  otherwise  be  got  out.  Hence  it  will  be 
seen  that  machine  riveting  is  far  superior  and  better  than  that  clenched 
by  hand ;  and  not  only  that,  but  the  work  is  done  so  much  cheaper  bjr 
machinery. 

The  employment  of  bolts  and  nuts,  to  connect  ironwork  together,  sadi 
as  plates,  is  not  to  be  compared,  in  point  of  strength  and  efficiency,  with 


riQ  ^21 


FiQ  422 


rivets,  which  pull  the  plates  together  in  themselves,  when  they  cool,  after 
having  been  hammered  down,  whereas  bolts  can  only  be  screwed  up  to  the 
plates,  so  that  the  tightness  of  the  connection  and  the  perfection  of  the 
work  depend  solely  on  the  thread  of  the  bolt  and  nut 

Forms  of  Rivets. — The  different  classes  of  rivets  are  distinguished 
by  their  different-shaped  heads,  and  the  different  modes  of  riveting  by 
the  order,  in  which  the  rivets  are  placed,  and  the  number  of  rows  oi 
them.     Among  the  different  kinds  of  rivets  the  chief  are  as  follows : — 


Fiq  423 


Fia  424 


Snap  rivets,  as  fig.  421,  have  hemispherical  heads,  which  are  forme 
by  the  die,  and  are  sometimes  called  ^uUon  or  cupended  rivets. 

Hammered^  coniccdy  or  staff  rivets,   as  fig.   422,  are    made   by  tl 
hammering  of  the  red-hot  iron  to  the  required  shape,  as  shown,  no  di 
being  used  for  these. 

Pan  rivets  are  similar  to  fig.   423,   and  counter-sunk  rivets  to  fiSj^^ 
424 ;  these  latter  being  used  where  the  plates  must  take  a  truly  leve' 
bearing,  which  would  not  be  possible  with  heads  which  project.     Th^ 
holes  for  these  rivets  are  always  drilled  with  a  splayed  shoulder  within 
the  plates,  as  the  illustration  explains. 

The  holes  in  the  plates  may  be  either  punched  in  or  drilled,  the 
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latter  being  ihe  better  mode,  because,  while  ensuring  much  greater  accu- 
racy in  the  setting  out  of  the  pitch,  they  are  cleaner,  as  will  l>c  seen 
by  a  comparison  of  figs.  425  and  416;  and  they  also  do  noi  injure 
the  fibres  of  the  plates  by  the  sudden  shocks  and  hammering.  Drilled 
rivet  holes  also  make  stronger  and  better  connected  work,  so  that  the 
rivets  need  not  be  so  large  as  for  punched  work. 

Size  of  Rivets. — The  rule  for  proportioning  the  size  of  the  rivets  in 
punched  holes,  as  laid  down  by  Sir  \V.  Fairbaim,  is :  For  the  diameter  of 
the  rivets,  double  the  thickness  of  the  plate  under  i  inch  thick,  the  larger 
plate  always  being  taken  as  the  basis  for  their  diameters ;  in  plates 
above  i  inch  thick  the  diameter  of  the  holes  should  be  ij  limes  the 
tliickness  of  the  larger  plale. 

The  holes  are  made  slightly  larger  than  the  rivets,  which  expand 
when  hot ;  and  ihey  are  set  out  to  different  piUhes,  by  which  is 
meant  the  distance  from  centre  to  centre  of  the  holes,  the  numeral 
used  (as  4-pitch)  denoting  the  number  of  diameters  of  the  rivet  from 
centre  to  centre. 

^ai, ,  r^ 
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The  common  pitches  are  4  or  5  diameters,  equivalent  to  from  4  lo 
^  inches,  according  to  the  size  of  the  rivets.  In  the  outside  row  no 
"*■«  should  be  placed  nearer  than  its  own  diameter  to  the  edge  of  the 
plate ;  and  punched  holes  should  be  farther  away  from  the  edge  of  the 
P'ate  than  drilled  ones,  because  they  weaken  the  plate  more. 

Methods  of  Riveting — Riveting,  as  before  noted,  is  distinguished 
■^y  the  order  and  number  of  the  rows  at  the  joint  required  to  transmit 
"•^e  vhole  strain  &om  one  plaie  lo  the  other,  through  the  medium  of  the 
^^eis  themselves.  Lap  joints  require  only  one  set  to  convey  a  strain  from 
Plaie  to  plate ;  while  fish  joints  require  two  sets,  the  one  to  transmit  the 
*^rain  from  one  plate  to  the  fish-plate,  and  the  other  set  to  take  it  from 
^«  itsh  plate  to  the  other  long  plate.  Thus,  two  single  rows  at  a  fish 
Jfini  would  be  called  a  double  tow  at  a  lap  joint. 

Fig.  419  illustrates  quadruple  sigsag  riveting  on  a  lapped  joint, 
similar  in  section  lo  lig.  427,  while  it  would  be  called  "double  rigzag 
nveiing  "  if  the  joint  were  tished  similar  to  fig.  430 ;  so  that  single, 
double,  triple,  and  quadruple  riveting  differs  for  lap  and  fish  joints, 
Jnd  Qlhers  of  similar  character,  and  care  must  always  be 
describe  them  properly,  according  to  the  nature  of  the  joint 
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Zap  or  lapped  joints,  as  fig.  417,  consist  of  two  plates  overlapping 
one  another,  to  be  riveted  together. 

Fiih  or  Jishtd  joints  are  as  fig.  430  in  section,  which  should 
explain  itself  after  the  previous  remarks,  and  what  has  been  said  oa 
fished  joints  in   carpentry. 


"  • '  ^■'■^' ■^^'^^a:l;^^tj^ .,, 
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Jump  joints,  in  riveting,  are  for  compression  when  they  are  employed, 
which  should  be  very  seldom,  as  the  strength  of  the  connection  depends 
more  on  the  butting  surfaces  of  the  plates  than  the  rivets ;  and,  whether 
these  surfaces  be  planed  or  not,  the  very  act  of  riveting  the  joint  has 
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a  tendency  to  twist  them,  so  that  the  weight  is  not,  as  it  should  be, 
evenly  distributed  over  the  butting  surfaces;  and  where  the  rivets  have 
not  been  calculated  to  take  the  whole  strain  the  joint  fails. 

All  riveted  joints   should   be   calculated  and  designed  so  that  the 


rivets  can,   if  necessary,  take  the  whole  strain  successfully,  whether  it 
be  of  tension  or  compression,  in  the  length  of  the  girder,  stanchion,  or 


Double  riveting,  and  other  kinds,  superior  in  the  number  of  the  rows, 
may  be  either  chain  or  sigzag  in  form,  as  figs.  42S  and  429  respectively ; 
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the  "zigzag"  being  considered  better  than  the  "chain,"  because  the 
holesy  being  alternate,  do  not  take  so  much  out  of  the  continuity  of 
the  fibres  of  the  plates.  For  example,  in  fig.  429,  only  one  hole,  as  it 
were,  is  taken  out  of  one  continuous  fibre ;  whereas  if  it  were  "  chain  '^ 
(fig.  428),  two  holes  would  be  taken. 


/^>k  r'\ 
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Sechon 
Fig,  430. 


The  Strength  of  a  solid  plate  being  taken  at  100  single  riveted 
joints,  by  way  of  comparison,  may  be  taken  at  56,  double  at  70,  and 
chain  riveting  at  85. 


CHAPTER  XIII. 

IRON  ROOFS. 

Iron  versus  Wood — Wood  Members — Iron  Trusses — Stnuns  on  Truss  Members- 
Joints  and  Connections — Dimensions. 

Iron  versus  Wood. — ^The  student  will  have  noticed  (in  Chapter  XI.) 
how  the  use  of  iron  tends  to  supersede  that  of  wood  in  roofis  originally 
designed  and  executed  in  wood ;  and  as  excellence  in  the  production  of 
wrought- iron  of  various  forms  increased,  so  it  gradually  displaced  wood  in 
the  construction  of  roofs,  first  taking  the  parts  of  various  members  of  the 
different  trusses,  for  which  it  was  in  many  ways  the  more  suitable  material, 
until  now  it  has  almost  completely  taken  its  place  for  the  roofs  of  such 
buildings  as  stations,  warehouses,  factories,  and  similar  constructions  of  a 
plain,  substantial  character,  and  where  no  ceilings  are  required ;  whereas, 
in  trusses  for  the  roofs  of  domestic  buildings,  the  difficulty  of  dealing  with 
them  in  a  simple,  practical  manner  precludes  the  exclusive  use  of  iron- 
though  it  must  be  pointed  out  that  iron  is  still  used  for  the  trusses  only 
in  all  buildings,  seeing  that  the  purlins  must  necessarily  be  of  wood  to 
receive  the  rafters,  which  must  also  be  of  wood,  for  the  purpose  of 
securing  the  roof-boarding  or  laths  which  carry  the  slates  or  other  external 
coverings.    These  wooden  members — or,  rather,  the  longitudinal  parts  of 
roofs,  such  as  purlins  or  ribs,  and  ridges,  to  which  the  covering  framing  is 
secured — are  supported  in  their  respective  positions  by  angle-irons  and 
other  similar  means,  which  are,  in  their  turn,  secured  by  bolts  or  rivets  to 
the  principal  rafters,  etc.,  of  the  iron  trusses. 

Before  proceeding  to  deal  with  the  iron  trusses  themselves  it  will  be 
well  to  fully  explain  this  part  of  the  subject. 

Wood  Members.— The  ridge  is  generally  treated  as  in  fig.  431,  being 

let  into  a  special  casting  fitted  and  secured  to  the  apex  of  the  iron  truss , 

or  it  is  held  up  between  two  short  pieces  of  angle-iron,  also  secured  to  the 

truss^  as  fig.  432. 

X76 


IRON   ROOFS. 


177 


The  purlins,  or  ribs,  which  support  the  common  rafters — or  to  which, 
when  placed  closer  together,  the  boarding  itself  is  affixed — are  secured  by 


Wood 


Side  £l0vat/on 


rig  43 1 


front  E/evation 


coach  screws  to  angle-irons,  as  fig.  433,  bolted  to  the  back  of  the  principal 
lafter,  just  as  cleats  assist  purlins  on  wooden  trusses. 


Fig  432 

InXQ  TnUHies. — Iron  trusses  have  a  lighter  appearance  than  wooden 
bosses,  though  they  can  be  made  much  stronger,  according  to  require- 
OKQts,  both  wrought  and  cast-iron  being  employed  in  their  construction  in 

12 
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the  first  instance.  The  cast-iron  is  used  for  the  members  iD  compressioo, 
as  rafters  and  struts ;  while  vrought-iron  is,  of  course,  used  for  tin  ind 
suspension  rods,  whether  kings,  queens,  or  princesses,  as  they  are  called 
in  wooden  roofs.  As  cast-iron  was  veiy  fragile — liable  to  snap  under 
sudden  shocks,  etc,  and  otherwise  troublesome — it  was  in  course  rf 
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time  displaced  by  wrougbt-iron,  which  has  the  advantage  of  being  almost 
equally  as  strong  to  resist  compression  as  tension — a  great  point  in  soinc 
members  which  are  liable  to  both  compression  and  tension,  almost  toudiii>S 


'9  *3* 


each  other,  as  it  were  (as  will  be  explained  in  Chapter  XXIV.  on 
"  Strains "),  so  that  now  iron  roof  trusses,  with  the  exception  (and  that  not 
always)  of  the  shoe,  connecting  the  truss  to  the  bearings  on  the  luppoits, 
are  completely  built  up  of  wrought-iron. 

When  iron  trusses  first  came  into  vogue  they  were  made  of  similu 
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orm  to  wooden  trusses,  as  in  figs.  434  and  435— which,  it  will  be  seen, 
re  identical  with  "  king  "  and  **  queen  "-post  wooden  trusses — but  subse- 
[uently  it  was  found  out  that  these  old  lines  of  principle  could  be  deviated 


Fig  435 


ftom  with  advantage,  causing  a  saving  of  labour  and  material  without  any 
OSS  of  strength  whatever.  Among  the  various  novelties  in  form  then  and 
^terwards  introduced  were  trusses  similar  to  figs.  436  to  441  ;  or  they 
^ere  oftentimes  made  of  circular  form — />.,  with  a  circular  roof  formed  by 


a  circular  principal  rafter,  the  framing  to  support  it  being  on  lines  following 
one  or  other  of  the  triangular-shaped  trusses  hereinbefore  illustrated. 

StraixiB  on  Tmai-memberB.— In  the  study  of  iron  roofs  it  helps  the 
student  consideraUy  to  have  a  knowledge,  however  slight,  of  the  different 
stains,  mhetiaer  of  tension  or  compression,  which  the  memben  are  gene- 
iall|r  subjected  to;  and  with  that  end  in  view  the  writer  would  suggest 
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that  the  following  simple  comparison  be  employed  to  distinguish  one  iv^^ 
the  other — viz.,  if  a  rope  can  be  substituted  for  the  piece  of  iron,  then  ' 
may  be  taken  for  granted  that  that  member  is  in  tension ;  whereas,  if  suoi 
substitution  cannot  be  made  without  detriment  to  the  structure,  it  is  in 


compression.    This  being  ascertained,  rods  must  be  used  for  tension,  and 
T's  for  compression,  generally. 

With  this  knowledge  the  student  should  be  perfectly  able  to  apply 
he  principle  of  the  following  illustrated  explanations  of  the  ordinary  joints 
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"Whatever  ordinary  roof  is  required.  It  would  be  an  endless  undertaking 
^  Point  out  the  peculiarities  of  all  joints  of  the  many  forms  of  iron  roof- 
^^^isses,  so  that  an  exposition  of  the  principles  must  suffice  once  for  all. 


Joints  and  Connections.— The  foot  of  the  truss  is  collected  together 
and  connected  to  the  supports  by  means  of  a  cast-iron  shoe  (as  figs.  442  to 
445),  which,  it  will  be  seen,  is  a  flat-bedded  casting,  with,  as  it  were,  two 
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jambs,  cheeks,  or  posts  rising  from  it,  and  between  these  cheeks  {as  the^ 
may  be  called),  is  placed  the  web  of  the  T-shaped  rafters  ;  the  remaining 
space:,  between  the  web  and  the  two  cheeks,  being  filled  up  with  thir^ 
wrought-iron  bars,  which  extend  within  the  trass,  and  in  their  turn,  figura- 
tively speaking,  grip  the  tie-rod. 


Through  these  two  cheeks,  bars,  and  the  web  of  the  rafter,  a  pin  or 
bolt  is  placed  and  screwed  up  at  the  outside,  forming  a  complete  connec- 
tion and  perfect  attachment  of  all  the  members  to  the  shoe — which  is 
itself  secured  to  the  supports  by  ragged  bolts,  leaded  into  a  hard  stone 
pad  built  within  the  wall. 


Sometimes,  in  common  roofs,  two  angle-irons  are  bolted  on  each  side 
of  the  wrought-iron  bars  enclosing  the  web  of  the  rafter,  being  ihemseh-es 
secured  to  the  pad-stones  in  the  same  manner  as  the  cast-iron  shoes  {see 
fig.  446,  which  is  a  front  sectional  elevation).  In  large  trusses,  the  con- 
traction and  exp.insion  of  the  iron,  as  affected  by  the  temperature,  must 
be  taken  into  consideration  ;  wherefore  the  shoes  are  made  with  a  sort  of 
ribbed  base,  which  rests  on  oiled  rollers,  working  on  the  bottom  side  of  an 
iron  box  built  into  the  wall  to  receive  the  shoe  or  chair,  ; 
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called.    This  method,  of  course,  supersedes  the  use  of  ragged  bolts,  and 
B  shown  in  secdotul  elevation  at  fig.  447. 

Where  the  shoe  or  chair  has  to  be  supported  on  columns,  it  is  con- 
nected, as  shown  in  fig.  448,  to  the  abacus  or  square  piate  on  the  top  of 
ihe  cap  of  column. 


t  there  happens  to  be  an  outlet  of  an  eaves-gutter  next  to  a  column 
1  roof  of  this  description,  the  water  must  be  made  to  run  down  the 
aside  of  the  column  as  the  downpipe,  the  water  being  conveyed  to  an 
i^-hole  specially  cast  on  the  column  by  means  of  a  "  swan-neck,"  as 
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The  rafters  at  the  apex  and  the  suspension  rod  are  connected  together 
by  thin  cover  plates  on  each  side  of  the  web  of  the  rafters,  gripping  tbe 
suspension  rod  below  the  rafter  apex,  where  there  is  a  space,  as  fig.  45a 


E  fevatton 


Section 


A  strut  and  suspension  rod  are  connected  to  the  rafter  by  a  joint,  iVus- 
trated  by  fig.  45 1 ;  the  web  of  the  strut  being  attached  on  one  side,  and 
the  flattened  eye  of  the  rod  the  other.    The  three  are  connected  together 


Elevation 


Fig  451 


Section 


by  a  bolt,  and  the  flange  of  the  strut  is  cut  off  close  up  to  the  underside  01 
the  web  of  the  T  rafter. 

Struts,  from  their  great  tendency  to  bend,  when  in  long  lengths,  unde^ 
heavy  weights,  have  often  to  be  built  up  of  various  blocked  members» 
as  figs.  452  to  455,  in  lieu  of  plain  T-iron,  which  is  used  under  ordinal 
circumstances.     They  may  be  either  straight  or  bulged,  the  latter  beii^ 
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^^crable,  but  more  troublesome  {vide  figs.  453  and  454).    The  ends  of 
^  ^s  are  forged  out  from  the  round,  to  grip  the  two  plates  of  the  strut 
^c/osing  the  flattened  tie-rod,  as  shown  in  the  enlarged  section  (fig.  455), 
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Fig  457 

A  single  strut,  of  ordinary  T-iron,  is  connected  to  the  tie-rod,  as  in 
H-  45^ ;  the  web  of  the  strut  being  cut  off  and  the  flange  bent  over  the 
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bulged  tie-rod,  the  suspension  rod  going  through  both,  and  being  bdtednp 
underneath.  If  the  flange  of  the  strut  is  cut  off  at  the  top  joint  between 
tlie  strut  and  the  rafter,  the  web  is  cut  off  at  the  bottom  joint  between  tix 
strut  and  the  tie-rod,  and  vice  versd. 

The  joint  at  the  foot  of  the  centre  suspension  rod  and  stmts,  when  of  T- 
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iron,  is  as  fig.  457,  fig.  452  also  applying  to  this  joint,  with  a  little  modifi- 
cation, when  the  strut  is  built  up.  As  it  is  usual  to  camber  the  tie-«A 
they  are  made  in  two  lengths,  and  connected  at  this  joint  as  the  illustration 
explains. 

Zouvres  and  lanterns^  on  iron  roofs,  are  constructed  by  cast4ron 
supports,  secured  to  the  top  of  the  T  rafters  to  carry  the  roof  framing,  as 
fig.  458,  the  wall-plate  being  fixed  by  coach  screws  through  holes  drilled 
on  the  top  of  the  casting,  as  shown  in  elevation. 


C 


r 
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A/ 9  453 

When  tie  and  other  rods  have  to  be  jointed  in  their  length,  they  arc 
treated  as  fig.  459,  which  illustrates  a  coupling-screw,  X  being  a  minus- 
thread—/.^.,  within  the  circumference,  and  the  other  a  plus-thread-'^» 
projecting  beyond  the  circumference.  It  will  be  seen  that  the  turning  of 
the  hexagonal  coupler  draws  each  rod  inwards  or  pushes  it  outwards,  th^ 
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threads  being  different  at  each  end — the  one  a  right-handed,  the  other  a 
left-handed  screw, 

Dia^onai,  or  cross-ties,  are  used  for  lying  several  roof  tnisses  tt^ether 
to  resist  a  strong  wind,  driving  at  their  end,  and  having  atendency  to  make 
them  overturn.  Fig.  460  illustrates  their  use,  one  end  being  fixed  to  the 
foot  of  One  truss  at  X  X,  from  which  it  runs  up  to  the  ridge  of  Z.  Such 
ctosibracing  is  requisite  for  wood  and  iron  roofs  with  gable  ends  alike. 
Iron  roof  trusses  are  usually  placed  about  7  feet  apart,  the  same  distance 


Fi^  460 
!*°*'*lly  being  between  the  suspension  rods,  measured  along  the  tie-rod, 
and  also  between  the  struts  to  the  rafters. 

^ne  rise  of  iron  roofs  (which  are  generally  covered  with  light  materials 
"^  "Sight)  is  from  |  to  ^  of  their  span ;  the  tie-rod  cambering  from 
""'I'lOfits  length. 

uiiaenHioiiB. — The  following  table  gives  the  safe  and  economical 
'"^  of  the  various  members  of  strut  and  tie  wrought-iron  roof  trusses, 
"•luereiit  spans,  spaced  6  feet  8  inches  centre  to  centre : — 
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CHAPTER  XIV. 

COVERINGS    FOB    ROOFS. 

Lead  Work— Lead  cm  Roofi— Zinc  Work— Zinc  on  Roofs -Stales— Forms  of  Slates—  ' 
}  ix;ng  of  SIbIcs— Tiles— Filing  of  Tiles— Special  Fonns  of  Tiles. 

Lead  Work, — Lead  is  a  material  of  a  soft,  heavy,  highly  fusible,  and 
extremely  flexible  nature,  used  as  a  covering  to  flat  roofs,  and  as  a  means 
of  rendering  slated  and  tiled  roofs  watertight ;  being,  on  account  of  its 
flexibility,  highly  adapted  for  all  angular  and  similar  joints  in  roofs,  where 
the  brittle  nature  of  tiles  and  slates  renders  them  useless.  It  has  no  | 
strength  whatever,  and  is  the  product  of  an  ore  which  is  smelted  down  to  a 
molten  state,  and  rolled  into  large  sheets,  or  made  into  pipes  and  cast-pigs 
which  are  beyond  the  province  of  this  chapter. 

The  sheets  may  be  either  cast  or  milled,  the  former  being  heavier  in 
weight,  thicker, and  harder;  but,  on  account  of  its  irregularity  In  thickness 
>  Haws  and  sandholes  in  the  casting,  it  is  of  little  service  to 
except  in  very  heavy  work  and  the  covering  of  exceptional 


and  liability  t 
the  plumber,  e 
church  roofs. 
Milled  lead  \. 


rolled  out,  ; 


.  the  r 


mplie 


;,  into  thinner  sheets  of  a 
more  uniform  thickness  and  denser  nature,  and  it  is  in  this  form  that  lead 
is  mostly  used  by  the  builder  or  plumber  for  roof-coverings  and  similar 
work,  in  which  it  can  be  "  bossed  "  up  as  required.  Its  quality  is  described 
by  its  weight  per  superficial  foot,  the  qualities  most  used  being  4,  5,  6,  7, 
and  8  lbs.  per  foot  in  weight ;  and,  to  give  the  student  an  approximate 
idea  of  its  thickness,  it  may  be  mentioned  that  7  lbs.  milled  sheet  lead  is 
a  little  under  and  S  lbs.  a  little  over  \  inch  in  thickness. 

Except  in  very  exposed  positions  the  following  weights  are  suitable,  and 
generally  used  for  the  nature  of  work  specified:  4-lb.  for  soakers;  54b. 
for  flashings ;  6-lb.  for  valleys  ;  and  7-lb.  for  gutters,  tlats,  hips,  and  ridges 

It  should  always  be  borne  in  mind  that  the  sun  has  great  power  over 
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lead,  drawing  it  away,  as  it  were,  so  that  leadwork  should  never  be  securely 
fixed,  but  always  free  to  move.  Before  proceeding  to  enter  fully  into  the 
details  of  the  various  positions  in  which  lead  is  used  it  will  be  advantage- 
ous to  enable  the  different  parts  to  be  identified  on  a  roof  plan. 

Lead  on  Roo£b. — Fig.  461  represents  a  plan  of  a  roof,  and  will  show 
most  of  the  positions  in  which  lead  is  used  on  a  roof,  the  letters  on  the 
plan  referring  to  the  following  members :  A,  a  ridge ;  B,  a  hip ;  C,  a 
valley  ;  D,  a  flat ;  E  and  F,  gutters  between  two  roofs ;  G,  gutters  behind 
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a  parapet ;  H,  a  cesspool ;  L,  a  roll ;  M,  a  drip ;  N,  a  gutter  behind  a 
chimney ;  P,  an  apron  in  front  of  a  chimney ;  Q,  the  parapet  wall ;  R,  the 
top  of  cornice ;  S,  a  gable  where  the  flashings  and  secret  gutter  would  be 
used ;  T,  a  step-flashing  on  the  side  of  a  chimney ;  V,  junction  of  flat  and 
roof;  W,  an  iron  eaves^utter. 

Following  this  key  plan,  we  have,  first,  the  ridge  A,  which  is  treated  as 
fig.  462,  a  wood-roll  2|  inches  in  diameter  being  secured  by  double- 
shouldered  spikes  to  the  ordinary  ridge  as  shown ;  or  nailed  to  a  bevelled 
fillet  secured  to  the  ordinary  ridge,  as  fig.  463,  the  object  of  which  is  to 
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enable  the  plumber  lo  be  the  better  able  to  dress  the  lead  under  the  ro* 
in  order  to  fonn  a  key,  so  as  lo  prevent  the  sun  from  drawing  il  off. 

In  practice,  the  bottom  of  the  roll  should  be  no  less  than  s  inch^^ 
above  the  top  of  the  ridge  to  allow  for  this  key ;  and  the  wings  or  sides  C^ 
the  lead  covering  should  extend  7  inches  down  the  roof  over  the  slate^^ 
The  lead  is  put  on  in  7  or  S-feet  lengths,  with  a  6-inch  lap  at  the  joint^^ 


f/9  ^62 


S  *^^ 


and  fastened  down  on  the  top  (so  that  it  has  freedom  to  move  elsewhere]^ 
by  round-headed  copper  spikes,  or  by  lead  lags  about  i^  inches  wide^ 
fixed  by  copper  nails,  2  or  3  feet  apart,  to  the  woodwork  underneath,  a.-^ 
fig.  464. 

B.  //ifis  are  treated  in  section  in  a  similar  way  to  ridges,  tlu  ■■ 
difficulty  at  the  junctions  with  the  ridge  being  got  over  by  the  hips  beii^^ 
dressed  down  first,  and  the  ridge  lapping  over,  as  fig.  465  ;  and  the  foot  c^f 


the  hip  is  bossed,  as  shown  at  the  foot  of  the  same  figure,  the  roll  iiseV 
stopping  several  inches  off  the  eaves,  and  being  rounded  off  for  the  lead  w 
be  dressed  over  as  illustrated. 

C.  Falleys  are  internal  angles,  as  opposed  to  hips,  which  are  external- 
Fig.  466  represents  a  section  of  a  valley ;  5  inches  of  lead  should  b* 
visible  from  the  edge  of  the  slate  to  the  centre  or  angle  of  the  valley,  " 
allow  a  person  to  walk  up  them  without  breaking  slates,  and  the  lead  shoula 
go  6  inches  under  the  slates,  and  be  nailed  by  copper  nails,  always  ov« 
the  tilter,  and  just  turned  up  the  roof,  as  shown.     They  are  put  on  in  7  ** 
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Weet  lengths,  and,  where  a  joint  occurs,  the  bottom  piece  is  copper-nailed 
)  inches  under  the  upper  piece,  which  is  dressed  over  similarly  to  fig.  467. 
\  saddle-pi^^  is  ^5^^  ^^  ^jjg  ^^p^  j^^^t  the  ridge,  just  as  for  hips,  the 
lalley-piece  going  6  inches  under  the  saddle-piece. 


^/Q    ^65 


^«  I^ats,  as  the  name  implies,  are  roofs  with  small  pitches  which  have 
to  be  covered  with  lead  (or  zinc),  as  slates  and  tiles  are  wholly  unsuitable 
^°  ineffectual.  The  boards  on  which  the  lead  is  to  be  dressed  should  be 
'^^"with  the  fall,"  so  that  there  may  be  no  projections  and  sharp  edges 
^^^  the  fall  to  cause  the  lead  to  wear ;  and  for  the  same  reason  they 


Fig  466 


rig  467 


^^i  be  also  of  such  thickness   that  there  is  no  possibility  of  their 

The  boards  being  laid  according  to  the  above  principle,  and  to  a  fall 
^  I  j  inches  to  2  inches  in  10  feet,  and  as  the  lead  should  never  be  in 
'^Hire  than  xo-feet  lengths  at  the  outside,  and  that  only  in  exceptional  cases 
*^7  or  8-feet  lengths  are  the  best,  and  also  the  most  economical,  as  the 
^  sheets  are  only  7  feet  9  inches  wide,  sizes  above  that  length  having  to 
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be  cut  lengthwise — the  rolls  to  joint  it  are  fixed  at  certain  distances  apart, 
usually  2  feet  loj  inches  from  centre  to  centre,  or  about  32  inches  apart, 
so  arranged  (for  economy)  that  two  widths  can  be  cut  without  waste  out  of 
the  width  of  a  sheet  7  feet  9  inches  wide ;  it  is  also  unadvisable  to  have 
the  lead  in  larger  surfaces,  in  view  of  the  sun's  power  over  it 

These  rolls,  fixed  at  the  above  distances  apart,  are  used  as  a  basis  for 
the  joint,  one  side  of  the  sheet  of  lead  going  over  and  being  secured  by 
copper  nails  to  one  roll  as  X,  on  fig.  468 ;  and  the  other  side  is  lapped  to 


!.- 


2  foil 


Pear-Shaped  Ro/t% 


a  distance  of  i^  inches  on  the  flat,  over  another  sheet  already  treated  as 
the  first  side.  This,  it  will  be  seen,  makes  a  complete  covering,  and  allows 
the  lead  to  expand,  as  it  will  be  noticed  that  it  is  only  fixed  at  one  side,  as 
X,  the  other  being  loose  and  dressed  over  the  roll  to  keep  it  in  position. 
The  ridge  and  hips,  on  the  flat  shown  in  fig.  46  r,  are  treated  in  exactly  the 
same  manner ;  the  mitres  being  dealt  wiih  as  fig.  469,  one  sheet  lapping 
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over  the  complete  joint,  covering  up  the  other  different  sheets  in  a  manner 
similar  to  the  sections  on  fig.  468.  The  ends  of  the  rolls  are  bossed 
similarly  to  hips. 

The  nose,  or  eaves,  of  the  flat,  on  to  the  roof,  is  worked  as  fig.  470,  the 
under-piece  (called  an  apron)  being  dressed  and  copper-nailed  into  a 
rounded  rebate  worked  on  the  boards  across  their  grain,  so  that  the  top 
piece  of  lead  may  not  be  tilted  up  by  the  under-piece. 

£  and  F.  Gutters  between  roofs  and  behind  parapets,  as  G,  are 
subject  to  similar  rules  to  the  last-named  with  regard  to  £sdls  and  the 
lengths  of  the  sheets  of  lead  between  drips  M,  or  drips  and  rolls  L; 
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^cl.ths  being  regulated  by  the  width  of  the  gutters,  which  increase  in 
irx  their  ascent,  as  explained  in  the  chapter  devoted  to  "  Carpentry/' 


riy  470 


\ 
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Pig.  471  represents  a  section  of  a  gutter  between  two  roofs,  where  the 
idtb  of  gutter  precludes  the  lead  being  used  in  one  width,  as  fig.  47a. 
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It  should  be  here  pointed  out 

on  the  flat  at  its  lowest  point, 
G  and  N.     Fig.  473  is  a 


gutter  should  olwajrs  be  9  inches  wide 

"n  width  as  it  rises. 
I  gutter  behind  a  parapet  wall  or 


chimney,  the  lead  being  turned  4  inches  up  the  wall  at  X,  and  covered 
over  by  a  cover-flashing  5  inches  wide,  wedged  with  oak  or  lead  wedges 
into  a  brick  joint  or  stone  groove.     It  will  be  noticed  that  the  lead  goes 


I 


6  inches  under  the  states ;  but  this  should  be  increased  to  9  inches  in  flat 

roofs,  where  snow  would  lodge,  as  the  flatter  the  pitch  the  less  height  there 
is  between  the  top  of  the  gutter  and  the  top  of  the  lead,  as  fig.  474,  for  the 
snow  to  lie  m. 


Rolls  are  used  across  gutters  falling  both  ways  to  joint  the  lead  and  to 
divide  them  as  a  ridge  does  a  pitched  roof. 

Fig.  475  gives  a  longitudinal  section  of  a  gutter,  starling  from  a  pitched 
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roof,  downwards  through  one  drip,  which  may  be  treated  either  as  ligs. 
476,  477.  or  478- 

H.     Cesspools  are  boxes  formed  at  the  bottom  of  gutteis,  to  collect  the 


water  previous  to  discharging  it  through  a  pipe  from  a  hole  in  the  bottom 
to  the  bead  or  downpipe.     The  best  way  to  treat  them  is  as  shown  by 


/■/y  47B 


fig.  479,  which  needs  no  explanation ;  except  to  say  that  where  the  angles, 
sides,  arid  bottom  of  the  box  cannot  be  bossed  in  one  piece  they  must  be 


n^  473 

jmUrm^— !>.,  copper^uiled  and  covered  with  solder  (a  composition  of 
lead  and  tin)  laid  (m  while  hot  to  adhere  to  and  comiect  the  adjoining 
Jead. 
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N  and  P,  a  gutter  and  an  apron.  Fig,  4S0  gives  a  section  through  a 
chimney,  showing  the  gutter  at  the  back,  and  an  apron  Hashing  in  the  front, 
both  of  which  should  be  not  less  dian  6  inches  longer  than  the  width  of 


,1 


n^  ABO 


the  chimney,  at  each  end,  so  that  they  can  be  laid  on  one  slate,  and 
covered  by  another  to  make  a  water-tight  joint,  as  fig.  481. 


II  1  1  1  1  II 
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The  elevation  of  the  side  of  a  chimney,  showing  a  slep  gashing,  is  as 
fig.  4Fa  These  step  flashings  are  more  ornamental  than  the  plain  cover 
flashing,  tig  483 ;  and  they  are  either  cut  out  in  one  piece  S  inches  wide 
to  work  in  with  the  brick  joints  as  fig.  484,  or  each  is  put  on  as  a  separate 
step,  as  fig.  485  ;  their  object,  and  that  of  other  flashings,  being  to  cover 
the  up  turns  of  gutters,  as  shown  by  X,   on  fig.  473;  or  of  soaktrs,  as 
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Fig  482 


Fig  485 
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fig.  483 ;  a  soaker  being  a  small  piece  or  lead  the  length  of  the  gauge  and 
lap  of  a  slate  or  tile  (as  explained  in  the  next  chapter),  by  6  or  7  indies 
wide,  3  of  nhich  go  on  and  under  the  slates,  and  the  remaining  4  are 
turned  up  the  chimney  or  the  gable,  as  fig.  486. 

Flashings  must  always  lap  at  the  angles  round  a  chimney — t.e.,  the  step 
or  side  flashing  must  turn  round  the  angle,  on  to  and  over  the  apron;  and 
the  cover  flashing  of  the  gutter  must  do  the  same  to  the  step  or  side 


flashings,  as  shown.     Secret  gutters  are  sometimes  used,  in  lieu  ofsaaiers, 

up  gables  covered  with  copings,  as  fig.  487  in  section. 

A  ting/e,  as  fig.  488,  is  a  substitute  for  wood-rolls,  though  little  used 
A  we/t,  as  fig.  489,  is  a  folding  of  lead  used  to  joint  lead,  where  roUs 


rig  488 


rig  *BS 


are  not  used,  and  it  is  especially  suitable  for  vertical  lead-work,  the  und^- 
piece  being  copper-nailed,  as  shown. 

Soldered  or  kad  dots  are  used  for  securing  lead  on  vertical  or  fl* 
surfaces,  where  neither  rolls,  tingles,  nor  welts  can  be  used,  the  mode  <" 
procedure  being  as  follows :  a  hole  is  scooped  out  of  the  boards,  the  lead 
dressed  in  and  screwed  down,  and  the  hollow  is  afterwards  filled  up  and 
rounded  over  with  solder,  as  fig.  490. 
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A  rt^t  is  a  groove  cut  in  masonry  to  receive  the  turn  in  of  lead ; 
^  when  this  is  done  on  the  top  of  blocking  course,  and  over  flat  surfaces, 
lie  lead  is  "  burnt  in  " — »>.,  the  "  turned  in  "  is  secured  by  running  molten 
'ttd  into  the  groove  or  raglet. 

A  boitk-noud  drop  is  as  fig.  491,  from  which  it  will  be  seen  that 
toe  upper  board  projects  sufficiently  to  protect  the  turn-up  of  the  lower 
gutter   and  the  top  gutter  is  dressed  over  so  as  to  form  an  apron.     This 


^13  490 


Fig  *3I 


moae  h^s  the  disadvantage  of  the  lead  apron  being  easily  turned  up, 
an  objeotjon  which  is  obviated  by  treating  the  drips  as  in  figs.  476,  477 
and  478 

*«lO  Work. — Zinc  is  a  very  thin,  light  metal,  used  for  roof-coverii^ 
on  a  cheaper  scale,  being  about  one-third  of  the  cost  of  lead  It  is  used 
K«  Butten,  valleys,  soakers,  and  flashings,  in  common  work,  in  like  manner 
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•"•eid;  but  it  is  diiefly  as  a  cheap  covering  to  flat  and  iron  roofs  of  ■ 
'^^"K  and  other  large  erections  that  it  is  valued  and  mostly  used.  Zinc 
"  *^  liitible  and  tough,  and  can  be  easily  bent  backwards  and  forwards 
""•out  cracking.  Moist  air,  when  it  does  not  contain  acid,  forms  a 
"■Wing  over  it  of  oxide,  which  protects  it ;  but  sea  and  town  atmospheres, 
'■'Died  with  add,  soon  destroy  it. 

Zinc  is  sdd  in  sheets,  the  qualities  of  which  are  distinguished  by 
pi^tt,  varying  from  i  to  36,  and  weighing  from  i  to  60  ounces  per  foot. 
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superficial.  The  qualities  most  used  for  building  purposes  are  from  14  to 
20  gauge;  more  generally  the  former,  which  weighs  about  18  ounces  per 
superficial  foot. 

Zinc  on  Roofs. — ^The  simplest  form  in  which  zinc  is  used  as  a  rool^ 
covering  is  in  corrugated  sheets,  about  30  inches  wide  and  7  feet  loi^i 
the  ordinary  kind  having  corrugations  every  3  or  4  inches.  The  sheets 
are  laid  from  purlin  to  purlin,  placed  about  30  inches  apart,  for  the 
purpose,  lapped  on  to  the  corrugations  at  the  longitudinal  joints,  as  well 
as  at  the  transverse  joints,  up  the  roof;  and  they  are  secured  to  the 
woodwork  by  round-headed  screws  with  washers,  the  joints  being  connected 
by  very  small  bolts. 

The  Italian  corrugated  zinc  roof  has  much  wider  corrugations — ^namdy, 
15  inches  apart — and  the  sheets  are  laid  over  rafters  with  rounded  tops, 
appearing  in  section  as  fig.  492,  from  which  it  will  be  seen  they  lap 
alternately  over  the  rafters,  and  are  secured  by  mushroom-headed  screws 
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to  the   same  rafters.     Fig.  493  is  a  representation   of  Braby's  Ifa&M 
pattern. 

Flats  are  covered  by  zinc,  as  illustrated  by  fig.  494,  in  which  the 
expansion  and  contraction  (which  is  greater  in  zinc  than  in  lead)  is  provided 
for.  No  solder  nor  external  fastenings  whatever  should  be  used;  and, 
to  ensure  the  best  work,  the  zinc  should  be  laid  by  experienced  men 
only. 

Zinc  is,  of  course,  laid  on  boarded  roofs  with  2j-inch  drips,  to  joint 
the  zinc  lengthwise,  which  is  treated  as  figs.  495  and  496,  shown  in  section 
and  elevation  ;  and  these  drips  should  be  at  intervals  of  every  7  <ect 
6  inches,  or  thereabouts.  Roofs  with  falls  exceeding  1 2  inches  in  8  feet 
need  no  drips,  and  the  sheets  are  jointed  by  folds,  as  fig.  497.  The  wood 
rolls,  not  rounded  as  for  lead,  are  fixed,  as  in  fig.  498,  2  feet  loj  incbes 
centre  to  centre,  so  that  the  zinc  between  them  may  be  in  one  sheet,  the 
joints  being  made  in  the  rolls,  as  in  figs.  499  and  500. 

The  ends  at  the  bottom  and  top  of  capping  are  treated  as  figs.  5^^ 
and  502,  and  the  flashings  against  walls  are  dealt  with  as  in  fig.  503. 

Zinc  may  be  treated  in  a  very  ornamental  manner,  as  well  as  used  vOt 
ordinary  work  and  flat  roofs.    The  embossed  work  on  the  Hotel  Metropo*^ 
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London,  was  executed  in   zinc  by   Messrs.    Biaby ;   and  it  should  be 
pointed  out  that  the  system  of  zinc  roofing  here  explained  is  as  advised  by 


that  firm,  who  are  the  English  agents  for  the  "  Vieille  Montagne,"  the  beS 
nnd  purest  zinc  in  the  market. 

Slates. — Of  the  two  materials — slates  and  tiles — generally  used  in 


towns  for  roof-coverings,  slates  are  the  more  common,  being  cheaper  aai 
better  suited  to  the  flatter  kind  of  pitched  roofs  (of  about  30  d^ree) 


which  are  less  expensive  ihan  the  steep  ones.  Slates  are  the  productiM 
of  an  argillaceous  or  clay-formed  rock,  so  fine^ained  and  compact  tn» 
it  splits  readily  into  exlraordinarily  thin  slabs  of  various  sizes,  wlu<* 
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fonned  into  slates  for  roof-coverings,  while  the  greater  thicknesses '  are 
wnverted  into  shelving  and  slabbing  for  other  purposes. 

A  piod  slate  should  be  bard  and  yet  tough,  of  very  fine  grain  and 


.  3  loi  — 
Fig  4S8 


""ona  colour,  thin  and  very  non-absorbent,  so  much  so  that  a  good  dry 
"Pf  after  standing  14  hours  in  water  halfway  up  its  height,  should  not 
^  diawTi  up  and  absorbed  any  moisture  above  the  water-line.    Another 


°^^**i  quality  is  to  be  able  to  breathe  on  the  slate  without  bringing 
'   ^l^yey  odour,  which  would  be  a  sign  that  it  will  not  weather. 


Wild  and  Westmoreland  produce  most   of  the   slates   used  in  this 

IeasBBj,  the  latter  being  of  a  green  colour — thicker,  rougher,  and  much 
beniir  dun  die  Welsh.     The  latter  are  mostly  of  the  same  good  quality. 
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and  remarkable  for  their  thinness  and  smoothness,  the  best  being  from 
Penrhyn  and  Port  Dinwonc,  the  colours  of  which  are  alike.  Of  the  many 
varieties  the  chief  are  distinguished  by  their  colour.     A  Bangor  slate  is  of 


"(J  502 


a  purple  colour,  while  a  Penrhyn  slate  may  be  either  blue,  purple,  or  green. 
Portmadoc  produces  a  blue  slate,  and  Whitland  Abbey  those  of  a  green 
colour,  which  are  thicker  and  softer  than  the  other  kinds. 

Stone  slates  are  found  at  Colley  Westo.T  and  Naunton,  while  miny  of 
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the  Yorkshire  stones  can  be  split  fine  enough  for  roofing  purposes.  A 
stone  slate  is  a  non-conductor  of  heat,  while  the  ordinary  kind  of  slate  is 
a  good  conductor  of  heat 


rorms  of  Slates.— The  chief  sizes  i 
follows : — 


use  (with  their  names)  are  as 


Imperials 

Empresses    . 

PriiKeases 

Duchesses    . 

Marchionesses 

Countesses 

Viscountesses 

Ladies 

Doubles 

Smalls. 


inches  long  by  24 


13 


below  the  latter. 


nxiag  of  Slates, — Slates  are  fixed,  by  tvro  nails  each,  to  the  ro<^ 
boardings,  or  to  the  longitudinal  strips  of  wood  (called  ia/As  or  battens) 
running  along  the  roof  across  the  rafters.  Of  the  two  the  latter  is 
preferable  to  the  boarding.  The  nails  are  cither  of  galvanized  iron,  zinc, 
or  copper. 

The  back  of  a  slate  is  its  upper  surface  or  face,  while  the  underside 
ti  called  its  btd.  The  head  is,  of  course,  its  upper  and  the  tail  its 
lower  edge.  That  part  of  the  slate  which  is  visible,  when  fixed  on  the 
root,  is  called  the  margin,  its  depth  being  called  the  gauge. 

Zt^—Tbt  lafi  ot  a  slate  is  the  disunce  that  the  top  slate  projects 
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or  laps  over  the  second  one  beneath  it  {as  fig.  504);  and  this  word  is  used 
in  conjunction  with  the  name  of  the  slates,  of  course,  to  denote  the  kind 
of  work  which  is  required  to  be  done. 

Thus  we  specify  that  Duchess  or  Countess  slates  are  to  be  used,  laid 
to  a  ih  or  yimh  "  lap" 

Grti/^f.— Sometimes,  however,  the  word  gaugt  is  used  for  the  same 
object ;  as  laid  to  such  and  such  a  gauge,  which  depends  on  the  lap, 
though  more  chiefly  on  the  size  or  kind  of  slate  to  be  used.  Given  the 
lap  and  the  name  or  size  of  the  slates,  the  gauge  can  be  found  by  calcula- 
tion— i.e.,  from  the  length  of  the  slate  deduct  the  lap,  and  half  the  re- 
mainder (because  the  slates  are  in  two  thicknesses)  will  be  the  gauge.  In 
laying  slates  to  a  specitication  calling  for  "Countess  slates  laid  to  a  2J-inch 
lap,"  for  instance,  the  first  thing  a  practical  man — not  having  the  gauge  at 


his  fingers'  end,  as  it  were — would  do,  would  be  to  calculate  the  "  gauge* 
Thus ;  From  20  inches  (the  length  of  a  Countess  slate)  deduct  aj 
inches  =  17^  ;  half  of  that  diflerence  will  be  the  gauge^ — ;',«.,  8|  inches. 
This  last-named  figure  is  the  guide  by  which  the  slater  "  holes  "  his  slates 
for  the  nails,  and  fixes  his  battens  to  the  rafters,  or  marks  his  line  for  the 
nailing  along  the  boarding.  Good  work,  in  slating,  should  have  the  tails 
of  all  slates  perfectly  horizontal,  and  the  vertical  alternate  joints  ranging  in 
straight  lines  from  eaves  to  ridge. 

The  first  proceeding  of  a  slater  is  to  square  three  sides  of  the  slates, 
the  head  being  left  rough,  and  then  to  hole  them  for  the  nails,  which  inay 
be  done  either  at  the  head  or  in  the  centre.  When  nailed  at  the  head,  the 
two  nail-holes  are  pierced  at  a  distance  of  about  1  inch  downwards  from 
the  head,  so  that  the  tail  of  the  second  slate,  when  laid  on  above  it,  coven 
their  position  by  i  or  3  inches,  which  is  the  difference  between  two  g»ug** 
and  the  length  of  the  slate,  less  the  distance  the  nail-holes  are  pierced 
from  the  head  of  the  slate. 

Centre-nailed  slates  do  not  have  their  holes  exactly  in  the  centre,  bM 
at  the  distance  of  the  sum  of  the  gauge  and  lap  above  the  tail.    Thus,  ^ 
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oles  of  Countess  slates  laid  to  a  3 -inch  lap  would  be :  8  J  inches  (the 
atige)  plus  3  inches  (the  lap)  =  1 1 J  inches,  above  the  tail,  or  thereabouts ; 
[>  that  the  nails  may  clear  or  miss  the  head  of  the  slate  below* 
Centre-nailed  slates  resist  high  winds  very  much  better. 


Fig.  505  gives  a  section  and  plan  of  Countess  slates  laid  to  a  3-inch 

lap  and  centre-nailed;    while  fig.   506  gives    the  same    particulars    of 

Duchess   slates  "laid  to  a  2^-inch   lap  and   top-nailed";  and  fig.   507 

those  of  16  X  8  inches  Ladies^  laid  to  a   6^-inch  gauge  and    nailed  at 

head. 

From  the  above  sketches  it  will  be  noticed  that  there  is  a  different- 
>ind  slate  at  the  bottom  (at  the  eaves),  shown  by  dotted  lines ;  this  is 
called  double  eaves^  and  its  length  is  a  little  more  than  the  sum  of  the 
bpand  gauge,  so  as  to  allow  for  the  nail-hold  above.  It  should  also  be 
pointed  out  that,  in  centre-nailed  slates,  this  involves  the  placing  of  two 
(fattens  together  at  the  bottom  for  eaves,  whence,  it  should  be  noted,  all 
^ng  starts,  and  is  worked  or  laid  in  courses  upwards. 

Sbtes  are  bonded  by  half-bond^  as  the  plans  indicate,  this  necessi- 
tating a  half-slate  at  the  gables,  etc. 
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Ridges  have  also  a  double  course  at  the  top,  as  fig.  508, 
by  either  a  plain  ridge,  as  fig.  509 ;  slate  ridge  and  roll, 
or  ridge-roll  and  crest,  as  fig.  510. 


1 
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Torching  is  the  pointing  of  the  underside  of  slates  with  hair  m 
ed  to  stop  the  driving  of  snow. 


Fill!  torching  is  the    filling  up  of   the  space    between  battens 
mortar  on  the  underside. 

Shouldering  is  bedding  the  heads   in  mortai  to  tighten  the  nail 
and  prevent  the  wind  penetrating. 
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Rendering  is  the  filling  up  of  the  space  between  battens  or  boarding  to 
bed  the  slates  down. 

Open  slating  is  used  for  open  sheds  and  inferior  work,  to  save  slates, 
each  slate  being  from  i^  to  4  inches  apart,  instead  of  butting  up  to  each 
other  in  the  courses. 

Bedding  is  the  setting  in  mortar  of  the  top  of  the  bed  of  one  slate  or 
tile  on  the  back  of  the  one  beneath  it. 

Cement'filliiing,  an  inferior  substitute  for  lead  or  zinc  soaker  flashings, 
is  the  filling  up  with  cement-mortar  of  the  angles  on  roofs  where  they  abut 
np  to  vertical  parts,  such  as  dormers,  gables,  chimneys,  and  other  roofs,  so 
as  to  prevent  the  damp  running  down  the  walls  at  the  edge  of  the  slates. 

Verge-painting  is  the  pointing  up  of  the  sides  of  the  slates  running  up 
gables  over  which  they  project. 

Slates  may  be  cut  or  laid  to  patterns,  in  order  to  give  the  roof  a  more 
ornamental  appearance ;  but  such  alterations  must  not  interfere  with  either 
lap  or  bond. 

Tiles. — Tiles,  as  compared  with  slates,  are  a  more  expensive  roof- 
covering  material,  not  only  from  their  composition  and  manufacture,  but 


fig  511 

^0  on  account  of  the  extra  trouble  and  battens  they  require  for  their 
smaller  size.  They  also  require  that  the  roofs  be  of  a  steeper  pitch,  and 
^0  less  than  45  degrees  rise  from  the  horizon,  for  the  reason  that  any  less 
pitch  is  subject  to  the  liability  of  making  the  tiles  absorb  the  rain  instead 
^f  throwing  it  off.  Again,  the  roofs  for  tile-coverings  must  be  constructed 
^greater  dimensions  and  strength,  on  account  of  the  greater  weight  of  the 
^^^»  as  compared  with  slates. 

Against  these  disadvantages  of  tiles  must  be  set  their  greater  ornamental 
appearance,  and  their  action  as  non-conductors  of  heat,  and  also  their 
^lour;  these  are  all  great  considerations  in  their  favour,  even  although 
^^'  are  sometimes,  when  absorbent,  apt  to  hold  the  wet. 

Tiles  are  made  of  a  strong  clay  which  has  been  specially  mellowed,  and 
"^ten  when  half  dry  to  prevent  warping,  and  they  are  all  of  one  size,  10  J 
^ches  long,  6\  inches  wide,  with  2  nibs  or  projections  at  the  shoulder  or 
^P^ge,  on  the  underside  or  bed,  as  fig.  511,  to  hold  them  up  over  the 
battens,  and  they  should  be  curved  slightly,  to  make  them  fit  over  each 
^er  the  better. 

There  are  several  kinds  of  tiles  for  roofing  besides  the  plain  tiles,  but 
tbef  are  all  made  out  of  the  same  material.  A  good  tile  should  be  hard, 
*ell  burnt,  well  shaped,  non-absorbent,  of  good  colour,  and  with  a  glazed 

14 
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or  vitrified  face  to  prevent  vegeution.  The  best  tiles  are  made  at  Rualx 
in  Wales,  though  they  are  also  largely  made  at  Broseley  and  Madel 
Wood,  in  Staffordshire.  They  can  be  of  innumerable  colours,  from  red 
blue  and  yellow. 
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Ridges,  hips,  and  valley  tiles  are  also  made  of  clay,  to  the  requir 
pitches  i  and  the  former  to  almost  any  design. 

Plxing  of  Tiles.— Tiling  is  subject  to  the  same  rules  and  regulatic 
as  slating,  in  regard  to  lap,  gauge,  bond,  battening,  double  eaves,  etc., 
hat  it  is  needless  to  repeat  those  details. 


Fig.  513  is  a  plan  and  section  of  a  few  courses  of  plain  tiling  laid  ic 
aj-inch  lap  or  4-inch  gauge.  The  tiies  are  generally  secured  merely  by  t 
lugs  over  the  battens ;  but  in  very  exposed  positions  they  are  sometin' 
nailed,  though  this  is  very  expensive,  besides  which  the  tiles  must  be  ma 
with  holes  for  that  purpose,  in  the  process  of  manufacture.     Special  t>> 
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are  made  for  double  eaves  and  ridges,  to  save  cutting ;  and  "  tile  and 
halfe"  for  gable  ends,  where,  for  purposes  of  bond,  half-tiles  would  other- 
wise have  to  be  used ;  and  these  being  only  3J  inches  wide,  they  would 


''^^ake  very  imperfect  work,  which   is  obviated  by  the  use  of  "tile  and 
half," 

Special  Forma  of  tilbi.— Pantiles  are  peculiar-shaped  tiles,  used 


f^iy  SIS-  ^'9  S" 

"^   Some  parts  of  the  country  for  roofs,  but  now  only  for  common  work. 
'8-  513  is  an  illustration  of  one  tile. 

Corrugated  tilts  are  similar  to  the  last,  but  with  more  hollows  or  corru- 
Sations,  as  fig.  5 14. 


fiq  SIS  fiy  St9 

Wade  and  Cherry's  are  a  patent  tile  of  ornamental  appearance,  similar 
^  fig.  S'S,  rebated  at  the  head,  on  the  top  side,  and  on  the  underside  at 
*He  taiL 

Taylor's  patetU  tiling,  as  figs.  516,  517,  and  518,  consists  of  channel 
^M  o^iping  dies  of  special  patterns,  which  fit  over  one  another  in  alternate 
"'Vii  tana  ems  to  tidge,  as  shown.     It  should  be  noted  that  the  same 
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tile  can  be  used  as  channel  or  capping  tile  by  being    reversed     Tb 
have  a  very  novel  and  pleasing  ornamental  appearance. 

Italian  tiles  are  illustrated  by  figs.  519  and  520,  which  explain  the: 
selves,  and  give  an  idea  of  their  effective  appearance  in  work ;  though 
will  be  seen  that  they  are  anything  but  well    adapted  to  our  snov 
climate. 
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The  plain  tiles  are  often  banded  with  ornamental  tiles,  as  fig.  5^ 
which  break  the  monotony  of  a  plain-tiled  roof  considerably ;  and  th< 
bands  are  sometimes  laid  in  blue-coloured  tiles,  while  the  plain  are  re 
and  vice  versd ;  but  this  is  unadvisabl^,  on  account  of  the  different  nati 
and  properties  of  the  different  varieties  of  tiles  to  withstand  m 
frost,  etc. 


CHAPTER  XV. 

FIREPROOF     FLOORS. 

•Essentials  of  Fireproof  Construction — Brick  Arches — Concrete  Floors — Special  Systems. 

Essentials  of  Fireproof  Construction. — ^The  highly  inflammable 
^^ture  of  wood  as  a  material  used  in  the  construction  of  floors,  and  the 
'•^  to  life  which  it  entails,  has  of  late  years  received  particular  attention 
from  the  architectural  and  building  world ;  the  object  of  course  being  to 
^^sign  a  floor  which  can  be  said  to  be  entirely  free  from  inflammable 
'ic^^iterial,  and  proof  against  the  attacks  of  fire  in  all  its  varied  forms. 

Wood  has  naturally  been  shunned — except,  of  course,  as  a  covering, 
fer  the  sake  of  comfort — ^while  stone  is  known  to  be  a  most  treacherous 
^*^3terial  under  the  influence  of  heat,  as  it  will  crack  and  give  way  without 
^"sjning  when  least  expected. 

Cast-iron,  too,  is  most  unreliable,  in  fact,  dangerous  in  the  extreme ; 
ii^asmuch  as  it  cannot  resist  sudden  shocks  of  any  kind,  which  are  especially 
P^'csent  in  cases  of  fire,  when  the  iron,  after  having  been  heated  by  the 
I'^iies,  is  suddenly  cooled  with  cold  water  from  the  hose,  which  makes 
^^  <^ck  immediately,  entailing  the  total  collapse  of  the  whole  structure 
^^»ierally. 

Wrought-iron  is  certainly  not  so  treacherous ;  but  still  it  is  dangerous, 
'^  account  of  its  liability  to  twist  and  expand  under  intense  heat,  thrusting 
*«  walls  out. 

Hence  it  is  always  advisable  to  encase  iron  parts  of  structures  with 

^e  material  which  is  itself  really  fireproof,  before  the  work  can  be  said 

^  lie  **  proof  against  the  efiects  of  fire."    The  only  materials  which  can 

^  Said  to  possess  these  requisite  properties  are — fire-clay  in  any  burnt 

^*^,  concrete  of  cement,  and  breeze,  or  other  similar  agglomerates,  as 

^«U  as  plaster  of  various  kinds. 

Brick  Arches  are  the  simplest  and  most  effective  fire  proof  material, 
^^gh  only  suitable  for  small  spans,  except  where  the  height  of  the  space 
^hich  they  and  their  rise  occupy  is  of  no  consequence.     In  large  spans, 

ai3 
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and  where  this  is  a  consideration,  their  success  and  usefulness  are  dimi- 
nished by  the  insertion  of  encased  structural  parts  of  iron,  whether  cast,  for 
columns,  or  wrought,  for  girders,  whereby  the  floor-space  is  cut  up  into 
sections,  and  filled  in  by  arches  springing  from  the  encased  wrought-iron 
girders.    The  spandrils  of  these  arches  are  levelled  up  to  the  crown  with 
cement-concrete,  whereon  the  ordinary  floors  are  constructed.     The  only 
objections  which  can  be  raised  against  brick  arches,  apart  from  the  sup- 
plementary  ironwork,  are  that  they  are  heavy  and  complicated,  and  take 
up  too  much  room,  besides  being  expensive ;  but  these  are  held  to  be 
serious  if  not  fatal  objections  ;  and  they  are  considerably  intensified  by  the 
insertion  of  iron  girders,  which,  whether  cased  or  uncased,  render  the  floor 
very  complicated  in  construction,  and  dangerous,  unless  the  girders  are 
tied  together  by  rods,  etc.,  to  withstand  the  thrusts  caused  by  the  arches 
themselves. 
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Concrete   Floors. — Consequently,  recourse  has  been  necessary     ^^ 
other,  lighter,  and  more  simple  methods,  which  will  give  as  much  securi^3 
as  possible  from  the  ravages  of  fire.    Thus,  the  mode  of  construct!  ^^"^ 
that  has  been  settled  upon  as  being  most  free  from  complications,  n-^ 
the  cheapest,  is  that  of  concrete  areas,  supported  by  iron  joists  embedd^ 
within  the  thickness  of  the  concrete  itself,  which  need  not  be  very  d^^^^ 
in  floors  of  ordinary  spans;  and  this  is  an  important  consideration,  as  t^*^ 
thicker  the  floor  the  higher  the  building  must  be  to  give  the  same  amc«-*^^ 
of  space. 

Where  the  span  necessitates  the  employment  of  binders,  or  girder,    ^^ 
support  the  iron  joists  which  uphold  the  concrete  areas,  care  should     ^^ 
taken  that  these  additional  members  are  enclosed  or  surrounded  by     ^ 
casing  of  fire-clay,  concrete,  or  other  non-inflammable  material,  to  prot^^ 
the  iron. 

A  great  advantage  of  these  and  other  kinds  of  concrete  or  firepro^? 
floors  is  that  a  new  building,  so  far  as  internal  arrangements  are  concerned^ 
can  be  constructed  from  floor  to  floor  without  so  much  trouble  to  secure 
the  placing  of  wall  over  wall,  and  in  similar  constructive  details ;  thoug" 
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of  course  the  floor  must  be  made  strong  enough  in  tiself  to  allow  of 
such  liberties. 

As  before  explained,  a  concrete  floor  composed  of  breeze,  slag, 
brick-dust,  or  other  non-inflammable  materials,  mixed  with  cement  in 
sucii  proportions  as  the  situation  and  character  of  the  work  call  for 
(usually  in  the  proportion  of  4  or  5  to  i  of  cement),  is  the  best  form 
of  fireproof  floor.  It  is  illustrated  by  fig.  522,  the  iron  joists  being 
fixed  about  2  feet  apart :  after  which  a  temporary'  wood  platform  is  built 
underneath  it,  to  support  the  concrete  until  it  has  set  hard :  and  this 
*s  lixed  below  the  bottom  of  the  joists,  so  as  to  allow  of  the  concrete 
Bteicircling  the  iron,  as  shown. 


Special  SyBtenu. — The  principles  of  concrete  floors  having  been 
explained,  and  the  various  points  to  be  considered  and  guarded  against 
ibui  brought  to  the  notice  of  the  student,  it  only  remains  to  set  forth  the 
'iiffercnt  systems  which  have  been  invented  and  introduced  of  late  years ; 
tho^  which  conform  to  the  principles  already  laid  down  being,  of  course, 
ihe  best.     The  following  is  a  list  of  the  chief  British  systems  in  use : — 


I 


^awcett'i  System 
Fig  S3^ 


Fox  and   Bmrretts  Systan 
Fig  525 


t>ennett's,  as  illustrated  by  %.  12},,  will  he  seen  to  consist  of  iron 
K'rders  and  concrete  arches  of  various  spans,  not  exceeding  1 2  feet,  and 
'^"ig  no  less  than  1  inch  per  foot.  The  matrix  of  the  concrete  is 
"ypsum,  which  has  been  proved  to  retain  coherence  even  when  burnt 
^■"  drenched  with  water,  or  both   in  succession. 

Fawietl's,  consisting  of  iron  girders,  a  or  3  feet  apart,  the  inter- 
''Paces  being  filled  in  with  earthenware  pipes  of  hollow  arched  section 
^^id  diagonally,  on  which  a  6-inch  layer  of  breeze  and  cement  concrete 
'^  'aid,  is  illustrated  by  fig.  524. 

Fox  and  Barrett's,  as  fig.  s;(S  explains,  consists  of  iron  girders,  spaced 
■"  inier\*als  every  ao  inches,  between  which  wood  strips  are  placed,  and 
I*  whole  covered  wiih  concrete,  rising  above  the  girders,  as  shown. 
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Homblawer's  consists  of  hollow  fire-clay  tubes  of  wedge-sh^>ed  fonn, 
springing  from  blocks  of  similar  material  encircling  wrought-tron  girdeis 
bedded  in  concrete  about  36  inches  apart,  as  fig  516  the  top  being 
levelled  over  the  same  as  shown 


ftorrtblowerii  SyaUm 
Fig  526 

Homan  and  Roger f  patent,  as  fig.  527,  is  made  up  of  iron  girders, 
between  which  are  placed  special  bricks,  which  may  be  glazed  or  orna- 
mental on  sofiit ;  and  the  top  is  filled  up  with  concrete,  the  same  as 
the  other  methods. 


*r'"''"''f'^ 


Sactivt  ot  brickt 


Lonqitudinm.1  Station 

Hommiti  Radqar^    Systam 

Fig  527 


Lindsays  patent  is  of  two  kinds,  as  illustrated  by  figs.  538  and  5»): 
the  former  consisting  of  wrought-iron  or  steel  joists,  spaced  18  inches 
apart,  and  laced  t<^etheri  as  it  were,  by  wrought-iron  rods  or  striits  passing 
over  and  under  each  one  alternately,  as  shown ;  the  whole  of  the  iron 


Lindtayi  lystam  with  1    Girdars 
Fig  523 

being  then  encased  in  what  is  called  pumice  concrete,  which  is  '^"^ 
made  of  breeze  and  cement,  being  much  lighter  than  the  ordinary 
mixture. 

The  other  method,  very  much  used  for  goods-sheds,  etc.,  as  iig-  5'9' 
will  be  seen  to  consist  of  wrought-iron  troughs,  riveted  together  over  llw 
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I'hoJe  area,  and  the  lop  spaces  are  filled  with  the  usual  concrete  and 
'^  e/Jed  for  the  floor  in  the  ordinary  way ;  and  for  the  purpose  of  covering 
iiie  underside,  which  is  very  necessary  to  render  it  complete,  cast  blocks 


'-""eeze  or  pumice  are  bolted  up  to  the  underside,  as  shown  on  the 
illustration. 

'^*^'^**sur^s  pattnt  is  similar  to  Fox  and  Barrett's,  with  the  distinction 


the  girders  are  spaced  ■>,  or4  feet  apnrt  and  T  irons,  aboutg  inches 


»n<^ete 


to  centre,  ipan  thtm  from  flange  to  flange,  and  support  the  usual 


\ 


^"'(land's  system  consists  of  wrougbt-iron  girders;  supporting  curved 
'^'"^"""^diate  girders,  at  right  angles  to  the  main  girders,  and  covered 
'^'^  *ith  corrugated  iron,  on  which  the  concrete  is  laid  and  levelled 
"P  "  before. 
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Northtroft's  consists  of  two  layers  of  flat  arches,  of  special  wed^ 
shaped  bricks,  resting  on  similar  slcewbacks,  supported  by  wrought-iion 


DouUoti  mnd  P«to^ 
Fig  S32 

joists,  as  tig.  530,  the  spaces  above  and  between  the  arches  being  filled 
up  with  concrete. 

WAkhcord's  method  consists  of  solid  fire-clay  arches  springing  from 


fire-clay  springers,  enclosing  the  wrought-iron  girders  as  fig.   531,  an*' 
filled  up  with  concrete. 

Doulton  and  Pete's  variety,  as  fig.  552,  consists  of  fireproof  hoUow- 
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keyed  blocks,  which  encircle  the  lower  parts  of  the  girders,  as  well  as 
form  a  strong  light'  floor  of  simple  construction. 

The  Adamant  Gompany's  system  consists  of  blocks  of  concrete  ai» 
adamant  cement  placed  from  joist  to  joist,  as  figs.  532A  and  5328,  and 


yiHEPROOF   FLOORS. 


covered  over  and  levelled  with  ordinary  concrete  suited  to  the  locality. 
The  girders  can  be  placed  3  feet  apart,  and  the  blocks  are  cast  with  a 


wood  strip  on  edge  embedded  in  them,  in  order  lo  be  the  better  able  10 
ttsbx  tension. 

■^•"lis's  patent,  fig.  53jc,  completely  protects  the  steel  work — which 


*  distinct  gain  ;  and  there  are  olher  advantages,  such  as  its  ready  appli- 
*^"oti  iQ  existing  floors  and  its  ventilating  space,  which  the  illustration 
''^'^ierMJy  explains. 


•he  "  Car/it/e"  fireproof  floor,  fig,  5310,  consists  of  two  tubes  forming 
^'ch  between  the  joists,  which  have  to  be  bolted  together  to  resist  the 


""IBI  successfully ;  they  are  covered  with  concrete  in  the  usu.it  way,  and 
Pfwide  in  themselves  a  space  for  ventilating  and  other  purposes. 

Pelltr's  system  is  somewhat  similar,  fig.  S32K  ;  but  the  lintels  are  in 
one  piece,  requiring  no  bolts. 
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Pickings,  fig.  S3IF,  is  almost  a  combination  of  the  last  two,  as  the 
illustration  explains. 

Pease's  patent,  figs.  jjiG  and  S3zh,  a  very  ingenious  arrangement, 
consists  of  slieet  iron  or  steel  tubes,  so  constructed  that  a  cup,  as  it  were, 
is  formed  to  carry  the  concrete  as  a  centre  ;  at  the  same  time  the  whole  is 
bound  into  a  solid  mass ;  these  tubes,  which  can  be  used  as  long  as  i; 
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feet,  rest  on  the  flanges  of  the  girders,  and  as  a  protection  to  the  under- 
side stabs  can  be  hung  up  by  bolts,  as  fig.  5321:. 

There  are  many  other  similar  floors  in  use,  which  are  jjerhaps  equally 
as  good  as  those  hereinbefore  enumerated;  the  general  disadvantage  of 
most  of  them  is  their  disposition  to  conduct  sound  from  floor  to  ceiling, 
necessitating  the  use,  very  often,  of  counter-ceilings,  with  an  intermediate 
space,  which  is  the  best  non-conductor.  It  wi;i  be  noticed  how  most  <rf 
them  endeavour  to  attain  this  end  in  the  floor  itself. 
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The  floor-boards  above  these  systems  are  fixed  lo  dove-tailed  wood 
fillets,  or  \Vright's  patent  breeze  dove-tailed  blocks,  embedded  in  the  con- 
crete, and  made  level  as  the  ordinary  joists,  similar  to  fig.  533  :  while  tlic 
wrought-iron  members,  unprotected  underneath,  are,  or  should  be,  covered 
with  patent  wire-wove  material,  which  keeps  up  the  concrete  casing,  and 
forms  a  key  for  the  plastering  for  ceilings  and  ornamental  beams. 

Firtproof  partitiims  are  constructed  with  tubes  on  Pease's  principle, 
or  by  hollow  blocks,  as  fig.  53ZJ,  which  are  light,  and  made  that  they  lock 
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together,  ronning  a  solid  mass— this  is  Picking's  arrangement ;  and  Banks 
has  a  patent  ccHisisting  of  steel  X-shaped  standards,  with  a  double  row  of 
helical  ladling,  fig.  $$2k  and  fig.  533L,  plastered  similarly  to  the  ceilings 
in  his  patent  floor. 

Wood-blocks  are  generally  used  as  the  covering  on  fireproof  floors, 
the  sui&ce  of  the  concrete  being  floated  over  with  Portland  cement 
and  sand,  and  rendered  perfectly  level. 

The  blocks  may  be  of  any  regular  thickness  from   ij  inches  up  to 


3J  inches,  the  ordinary  kind  being  from  9  to  18  inches  long  and  about 
3  incJies  wide ;  and  it  is  absolutely  necessary  that  they  be  truly  square, 
so  that  when  laid  they  fit  together  well.  Moreover,  it  is  most  imporUnt 
that  they  are  thoroughly  dry,  and  they  should  not  oe  brought  on  to  the 
building  until  the  cement  screed  or  bed  is  quite  dry,  and  they  are  actually 
required  for  use.  Very  often  good  dry  blocks  are  brought  into  a  building 
which  cannot  be  really  dry ;  and  whilst  they  are  waiting  to  be  laid,  they 
absorb  the  moisture  of  the  building  and  surroundings,  with  the  result  that 
they  swell,  and  in  this  condition  they  are  laid,  and  as  soon  as  they  and 


the  buflding  get  dry  they  shrink,  and  show  large  cracks,  and  in  many  cases 
they  even  rise  up. 

A  wood-block  floor  can  be  laid  Co  designs  and  patterns  in  any  kind 
of  wood,  and  they  are  kept  down  in  their  positions  by  a  solution  con- 
taining pitch,  resin,  and  other  patented  mixtures,  which  are  of  a  sticky 
nature  when  hot,  and  on  cooling  arc  so  cohesive  that  they  keep  the  blocks 
and  screeding  together. 

There  are  several  patent  systems  of  laying  these  blocks,  the  general 
principle  being  to  form  keys  or  dovetails — this  end  being  attained  by  a 
triangular  nnking  or  groove  made  in  the  edges  of  the  blocks,  close  down 
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to  the  bottom,  so  that  the  solution  on  the  bed  can  be  pressed  up  into  the 
grooves  formed  between  the  blocks.  This  dovetail  keying  is  also  formed 
by  small  iron  channels  embedded  in  the  cement  screeding.  Another  idea 
is  to  keep  down  the  blocks  by  dowelling  them  together,  and  Stockholm 
tar  is  used  to  make  them  adhere  to  the  cement  bed. 

In  hospitals  and  other  similar  buildings  teak  or  other  hard-wood 
ordinary  floor  boards  are  secretly  nailed  directly  on  to  the  cement  screed 
itself  without  the  fillets  shown  in  fig.  533. 


CHAPTER  XVI. 


JOINTS  AND  MOULDINGS  IN  JOINERY. 

Joinery     Defined — Framed    Joints — Angle    Joints — Dovetails — Scribing— Mouldings — 

Match  Boarding— Affixing  Joinery  Work. 

Joinery  Defined. — ^The  term  "joinery,"  applied  in  a  general  sense, 
includes  all  the  finishings  to  the  carcase  of  a  building,  whether  they  be 
external  or  internal,  such  as  doors,  windows,  stairs,  skirtings,  skylights. 


End 


.Jli 


Sty/9 

MM 
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£/evation 


fig  534 
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bntems,  dadoes,  and  other  panelling, — in  fact,  it  may  be  said  to  include 

everything  which  is  planed  and  wrought  up  to  a  nice  smooth  and  often 

ornamental  face,  and  framed  together  in  such  a  workmanlike  and  precise 

manner  that  it  is  difficult  to  discern  the  joints  unless  helped  by  the  different 

grain  and  colour  of  the  "  stuff,"  as  the  wood  is  called. 

It  is  intended  to  devote  most  of  this  chapter  to  a  description  of  the 

Tarioas  joints,  mouldings,  and  terms  which  are  used  in  this  particular 
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branch  of  building ;  but  the  principal  and  most  common  joints,  etc.,  will 
be  again  pointed  out  to  the  student  when  they  are  met  with  in  the  different 
kinds  of  joiner's  work  which  will  be  dealt  with  in  the  course  of  these  lessons. 
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Framed  Joints. — The  mortise  and  tenon  is  the  chief  and  most 
common  of  all  joints  used  in  joinery  framing.  All  rails  of  doors,  for 
instance,  ai  e  tenoned  through  the  styles  and  wedged  up  tight,  as  fig.  S34t 
the  tenon  usually  being  one-third  of  the  thickness,  and  with  a  haunch  left 
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s  at  X,  to  fill  up  the  panel  groove  on  the  styles  and  strengthen  the 
.     This  is  the  origin  of  the  term  haunched  tenon,  a  sketch  of  which. 
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is  on  the  rail  before  being  wedged  up  into  the  styles  (as  shown  on 

34),  is  given  (fig.  535). 

15 
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On  wide  rails,  such  as  lock  or  middle  and  bottom  rails,  this  tenon  is  in 
two  parts  in  its  depth,  as  fig.  536  ;  and  where  doors  are  more  than  2  inches 
thick,  or  where  provision  has  to  be  made  for  a  mortise  lock,  which,  when 
let  into  the  centre  of  the  style,  at  lock  rail  height,  completely  cuts  away  a 
central  single  tenon,  the  tenons  are  double  in  thickness,  and  called  double 
tenons,  as  fig.  537. 

A  bare-faced  tenon  is  a  tenon  with  only  one  shoulder,  S,  used  chiefly 
in  framed  ledged  and  braced  doors,  where  the  rails  are  not  so  thick  as  the 
styles  by  the  thickness  of  the  boarding  nailed  on  the  rails  between  the 


Fig. 539 

Styles.     Fig.  538  illustrates  a  bare-faced  tenon,  one  view  being  given  of 
each  side. 

Stump  tenons  are  those  which  have  a  projection  on  each  side  oi 
them  to  go  into  mortises  part  of  the  way  of  the  principal  mortise.  They 
were  designed  to  give  the  tenons  on  the  thinner  stuff  greater  strength,  and 
to  hold  into  wider  mortises  on  the  wider.  Fig.  539  represents  a  stump 
tenon  and  its  mortise. 

A  housed  tenon  is  a  tenon  let  into  a  mortise  with  the  section  of  the 
stuff  let  into  the  mortise  to  the  depth  of  half  an  inch,  as  fig.  540. 

Angle  Joints. — Tongued  angles  are  used  for  internal  angles  of  dadoes, 
skirtings,  grounds,  casings^  etc.,  as  fig.  541. 
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Mttred  angles  are  made  by  simply  cutting  half  a  right  angle  alternately 
or  the  two  pieces,  to  be  joined  by  nails  at  an  external  angle,  as  fig.  542. 
Mitred  and  tongued  angles,  a  combination  of  the  two  last,  are  as 


Fig  540 


ti  Scetie 
Fig  S43 

V  543,  and  are  only  used  in  best  work,  at  the  external  angles  of  dadoes, 
blasters,  etc. 

Beaded  and  tongued  angles,   illustrated  by   fig.    544,  are  angles  or 
Mnts  of  an  ornamental  as  well  as  necessary  character. 
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Returnbtadid  angles  are  suitable  for  all  external  mitres  where  wear 
and   tear  would  soon   fetch  the  arrises  off  in   soft  woods.      Fig.  545 

shoivs  one  on  wood  framing,  casings,  etc.,  and  fig.  546  one  as  lised  lo 
angles  to  plastering  on  wood,  brick,  or  stone  walls,  to  which  they  are  fixed 
by  plug,  as  will  be  explained  hereinafter,  this  being  called  a  f/a^  bead- 


Where   the  two    pieces  ( 
widths  or  thickni 


framing    to   be    joined    a 
itred  angle  "  is  made  as  I 


Another  form,  of  very  good  construction,  is  as  fig.  548. 

Keyed  miired  joints  are  not  often  used ;    but  it  is  as  well  that  the 


f/y  SSO 


Ftg  551 


student  should  know  what  they  are.  Fig.  549  is  a  view  of  the  angle 
of  one,  X  X,  being  hardwood-slips  let  into  the  mitres. 

Housed  joints  are  as  fig.  550,  by  which  the  whole  thickness  of  the 
cross-framing  is  let  into  the  other  about  half  an  inch. 

Glutd  and  blocked  joints  are  really  butt  or  lapped  joints  secured  by 
blocks  glued   lo  each  piece  of  wood  in  the  internal  angle  (fig.  551). 
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Fig  S52 
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Dovetails,  the  most  common  of  the  intricate  and  strong  joints,  ate 
used  for  cisterns,  square  casings,  or  curbs  to  skylights,  and  the  comeis 
of  drawers  and  other  fittings.  There  are  three  kinds :  the  common, 
as  fig.  552;    the  lap,  as  fig.  SS*"!  *"<^  ^^^  "^''  °^  mitred,  the   1 


Fi^  SS3 

troublesome  of  the  three,  as  tig.  SS^^-  '^  "'1'  ^  ^^^'^  ^^^  ^^ 
consist  of  wedge-shaped  alternate  cuttings  out  of  each  piece,  the  pro- 
jections of  the  one  fitting  the  holes  on  the  other. 

Cross-tonguing  is  the  method  of  joining  two  or  more  boards  longi- 
tudinaliy,  a  loose  tongue  being  glued  and   let   into  a  groove  on  each 
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boaxdf  as  fig*  553-    This  loose'  tongue  is  sometimes  called  a  slip  feathery 
and  is   made  of  wood  across' rthe  grain.     Long  {the  opposite  to  cross) 
tongues  have  the  grain  of  the  wood  in  the  direction  o{  their  length. 
Ciati^mg  is  the  method  \>y  which  the  ends  of  several  boards  are 


fostened  together,  as  shown  on  the  left-hand  of  £g.  554 ;  while  the  right- 
hand  side  of  the  same  figtire  illustrates  mifrv-clamping,  by  which  the 
(xoss-grain  end  of  the  ordinary  clamping  is  obscured. 

Ktfbig  (fig.  555)  is  a  means  of  securing  several  boards  together  by 
a   flndi  key,  let  in  at  the  back  in   lieu    of  a  projecting  ledge,  where 
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the  latter  would  be  inconvenient  on  account  of  a  level  fece  being 
required  on  each  side.  This  is  often  used  in  the  North  for  vide 
door  casings. 

Keyed  joints  are  also  used  to  connect  drcular  with  straight  or  two 
pieces  of  circular  wood,  such  as  door  frames,  etc.  A  shallow  mortise 
is  cut  out  of  each  part,  and  a  hardwood  key  {in  the  form  of  the 
letter  I)  connects  the  two  together,  as  fig.  556,  X  X  being  wedges  to 
tighten  up  the  joint. 

Fig.  SS7  illustrates  Fox  wedging,  a  means  by  which  tenons  are 
secured  into  shallow  mortises,  where  wedges  cannot  be  driven  in  from 
the  other  side. 


Scribing  is  the  cutting,  out  of  the  face  of  one  moulding,  a  hole  of  (he 
contour  of  another  to  form  a  joint.  It  is  chiefly  used  in  joints  of  sash- 
bars,  internal  angles  of  moulded  skirtings,  etc.,  and  really  is  a  moulded 
mortise  cut  into  another  moulding  lo  receive  a  moulded  tenon  of  the  same 
section  as  the  mortise,  but  in  a  converse  form.  For  instance,  in  fig,  558,  it 
will  be  noticed  that  on  A  a  moulded  mortise  or  notching  is  cut  out,  with 
the  ovolo  hollow,  as  it  were ;  and  on  B,  which  we  will  call  the  tenon,  the 
cutting  has  the  ovolo  convex  or  projecting  to  fit  and  fill  up  the  hollow 
on  A. 

.\  scribed  housing  is  a  housing  made  to  the  contoiu:  of  the  moulding  it 
is  going  to  receive  (fig.  559). 

Other  kinds  of  joints,  principally  used  for  flooring,  will  be  found  fully 
illustrated  and  explained  in  Chapter  VIII. 
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WlldlngB. — Mouldings  are  a  series  of  sinkings  and  projections  of 
I  forms — mostly  parts  of  circles,  ellipses,  etc. — worked  on  ^  edges 
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The  quirhtd  bead  has  a  sinking  lon  one  side,  as  fig.  563,  and  the 
doubk  quirktd  has  one  on  each  side  (see  fig.  564),  They  aie  required 
to  give  a  limit  prodaced  by  the  shadow. 


r 
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The  trttfm  at  staff  h.eaA — "return  "being  the  joiner's  term,  and  "  staff" 
the  carpenter's  term— fig.  565,  is  used  for  expt^ed  angles,  where  arrises 
would  soon  be  knocked  off. 


The  (etked  bead — named  aAer  its  projection  ftom  the  lace  line — is  as 
fig.  566- 

Cocked  bead  and  fillet  is  as  fig.  567. 


Fig  S€8 

"What  several  beads  ate  placed    together  they  are  called  rtedti^ 
(fig.  568). 


rig  sss 


The  Tms  is  a  bead  with  an  extra  fillet  (fig.  569). 

The  Oooif  fa  a  qwater  of  a  dide  with  a  fillet  on  either  side,  as  fig.  570. 
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It  can  also  be  a  part  of  an  ellipse  or  any  other  circular  figure.     A  sash  b»^^ 
is  fonned  by  a  "  double  ovolo,"  as  fig.  571. 

The  Cavetto  is  the  reverse  to  the  ovolo  (fig.  571),  hollow  in  form. 


rig  57/  ^'7  572 

Ogee,  or  the  "  C>-nia  recta "  mouldings,  are  made  up  of  parts  of  |j 
circles  which  touch  one  another,  as  fig.  574. 

Cyma  reversa,  or  the  reverse  ogee,  as  fig.  S73i  explains  itself. 


The  Scotia,  a  moulding  chiefly  used  for  bases,  is  similar  to  fig.  575.  ' 

Mouldings  are  often  made  up  of  two  or  more  of  the  above  fo^ 

grouped  together,  when  they  are  known  or  distinguished  by  the  combined 

.name-    Thus  fig.  576,  consisting  of  a  guirM  ovolo  (any  moulding  can  b^ 


F,g  ST7 


quirked  by  the  addition  of  the   sinking  on  one  side)  and  a  ^aj,    b 
called  a  quirk  ovolo  and  /tad  moulding. 

Bokaion  mouldings  are  those  which  are  rebated  out  at  the  side,  and 
project  above  the  face  of  the  panelling  it  is  intended  to  ornament  (fig.  577). 
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Chancering  is  the  taking  off  of  the  arris  or  sharp  edge  of  any  angle, 
^  ^g*  578,  the  angular  groove  formed  by  the  meeting  of  two  chamfered 
angles  (fig.  579)  being  called  a  V  joint. 


^*g  S7d 


fig  579 


fig  580 
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Mouldings,  etc,  are  united  at  internal  angles,  as  in  fig.  580,  stopped 
at  ends  (fig.  581),  and  returned  at  extreme  angles  (fig.  582),  when  the 
contour  of  the  mould  is  exposed  to  view. 

*^tch  Boarding. — ^This  is  an  arrangement  of  boards  matched  and 
pot  together  with  grooved  and  tongued  joints,  and  their  edges  "shot"  or 


rjg  582 


Fig  583 


plan^  truly,  so  that  a  fine  joint  can  be  made.     Match  boarding,  otherwise 
ailed  chading^  is  of  several  kinds,  the  chief  of  which  are : — 

Plain  matched  boards  (fig.  583). 

^eaded-cme-side  match  boarding  (fig.  584). 

leaded-both-sides  match  boarding  (fig.  585). 

V-jointed  match  boarding  (fig.  586). 


Fig  584 


Fig  585 
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Aflbdng  of  Joinery  Work. — ^Joinery  work  is  fixed  to  either  p/ugSy 
grtmnds^  or  backings. 

JP/ugging  is  done  by  means  of  wood  wedge-shaped  plugs,  which  are 
^xfven  into  the  vertical  joints  of  the  bricks,  and  cut  off  to  a  level  face,  to 
whic^  die  other  woodwork  is  secured  by  nailing  (fig.  587). 

Grounds  are  used  in  better  work,  being  wrought  and  splayed  to  form 
a  key  for  the  plaster..   They  are  nailed  to  plugs  in  the  cross-joints,  as 


234 


BUILDING  CONSTRUCTION. 


fig.  588 ;  or  to  wood  01  breeze  bricks,  fig.  589 ;  or  to  elm  pads,  fig.  590; 
which  the  bricklayer  builds  in  the  cross-joints  for  the  carpenter  to  fix  to. 

The  grounds    aie   "  framed "  (that  is,  doretailed)  at  externa],  and 
tongued  at  internal  'angles,  in  the  very  best  work.    To  doors  and  windon 


> 

\ 

Fig.  593 

^ 

they  are  splayed  to  receive  and  "key"  in  the  plastering,  being  fae^ 
perfectly  "plumb"  or  perpendicular  to  the  plugs,  bricks,  or  palette* 
encircling  the  door  or  window,  except  at  the  floor  line.  Fig.  591  tepr«' 
sents  an  enlarged  plan  of  a  door-jamb,  and  fig.  592  an  elevation  to  > 
smaller  scale. 
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The  dotted  line  on  fig.  591  represents  the  gauge  to  fix  l^.  The  angles 
u  X  OD  Eg.  593  are  joined  by  a  bevelled  kautuAing,  as  fig.  593,  in  the 
deratioii,  drawn  to  a  la^er  scale. 

Baddngs  are  [neces  of  wood  framed  in  between  the  grounds  to  form  a 
bickiDg  and  fixing  for  linings,  window  boards,  and  Other  wide  joinery, 
requiring  to  be  fixed  against  anything,  as  fig.  594. 


those  which  are  cut  and  notched  to  receive  irr^lar 

^'ng  OT  different  members,  as  skirtings,  etc.,  in  best  work.  (See  fig.  595.) 

For  ordinary  skirting  a  fillet  is  run  along  the  walls,  on  the  floor,  to 

tceire  the  bottom  of  the  skirting,  as  X,  fig.  59a     ' 

All  first-class  work  should  be  fixed  to  grounds  in  lieu  of  plugs,  which 

r  «re  only  fit  for  inferior  common  work ;  and  when  the  grounds  are  fixed 

periectty  true  vertically  and  horizontally,  there  is  no  difficulty  in  affixing 

ibe  joinery  without  fitting,  cutting,  and  scribing ;  and  moreover  the  plasterer 

iiiiBbes  his  work  with  greater  truth  in  his  surfaces,  as  he  has  perfectly  true 

nbstantial  grounds  to  straighten  from. 


CHAPTER    XVII. 

DOOBS  :  THEIR  FINISHINGS  AND  FASTENINGS. 

Door  Frames — Ltdged  Doot — Ledged  and  Btaced  Door — Framed  and  Braced  E 
FcamedandLcdgedDoor— Fanlights— Panelled  Doors  and  Panelling— Door  O 
— Dadoes — Skirtings. 

Before  dealing  with  the  doors  themselves  it  will  be  advisable  to  ao 
a  thorough  understanding  of  the  frames  or  cases  which  are  desigiu 
contain  them     These  frames,  being  generally  built  up  m  reveoli  | 


I 


i 


in  the  brickwork  as  the  work  proceeds,  have  to  be  no  less  than  4^  in 
wide — the  width  or  half  the  length  of  an  ordinary  brick — and  3  or  4  in 
deep,  according  to  requirements  and  the  depths  of  the  Jambs,  The  fi 
usually  projects  about  1^  inches  beyond  the  face  or  "sight  size"ol 
opening  (fig.  596). 

The  frames  are  made  up  of  two  jambs  {or  legs),  az  the  posts  are  ca 
and  a  flat  or  arched  head,  according  to  the  nature  of  the  opening  (fig. ; 
both  jambs  and  head  being,  of  course,  of  the  same  size.  The  jambs 
tenoned  into  the  head  and  wedged,  the  head  generally  being  3  in 
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ODger  beyond  each  side  of  the  jambs.    These  projections  are  called  horns, 
ind  are  intended  to  be  built  into  the  walls. 

Fig.  598  represents  a  frame  for  a  square-headed  door,  the  jambs  of 
which  are  tenoned  into  the  head 


Jen  on 


Ttnon 


Fig.  597. 
f*' Scale 

^  599  shows  the  head  cut  out  for  a  segmental-headed  door,  the 
i^ts  at  the  top  being  similar  to  the  last,  and  the  head  being  cut  out  of  a 
*Q>»  piece  of  stuflF. 


^1 


1/ 


N 


Fig.  5  98 
r  Scele 


Ajy 


Fig.  5  99. 
i^Sca/e 


%  600  represents  a  frame  for  a  semi-drcular-headed  door,  the  joints 
^  the  springing  being  as  shown,  and  the  key  being  formed  on  the  top  of 
4c  jamb,  and  let  into  a  mortise  in  the  circular  head  and  wedged  up  tightly. 
He  joint  at  the  crown  is  made  similar  to  fig.  556,  and  sometimes  also  that 
t  the  springing,  exacUy  as  shown  in  that  figure  (vide  Chapter  XVL). 
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Door  frames  are  secured  at  the  fool  of  the  Jambs  by  dowels  let  into  the 
jambs  and  steps,  as  in  fig.  60 1 ;  or  in  best  work,  where  the  bottoms  ate 
apt  10  rot  away  from  the  damp  that  rises,  they  are  dowelled  into  projecting 
stones  worked  to  the  same  section  as  the  frame  (fig.  602),  and  painted,  so 


that  the  difference  cannot  be  noticed  £ 
called  cotck  stones. 

Another  method  is  to  let  the  bottom  of  the  jambs  into  cast-iron  >hM 
— also  of  the  same  section  as  the  frames — which  are  secured  to  ' 
stone  sills. 


^^ 


Fig.  601. 

The  frames,  when  built  as  the  work  proceeds,  are  often  tied  in  with 
wrought-iron  ties,  two  or  three  in  each  height,  one  end  turned  into  the  wall, 
and  the  other  secured  to  the  back  of  the  frame  {as  fig.  603). 

In  sections  the  frames,  of  course,  vary  according  to  the  requirements 
and  nature  of  the  work  ;  but  all  are  related  for  the  door. 


Fig 

Fig 
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.  604  is  a  section  of  a  rebated  and  chamfered  frame. 
.  605,  that  of  a  rebated  and  moulded  frame. 


Fig, 
The 


606,  a  rebated  and  beaded  frame 

rear  faces,  abutting  against  the  briuk  or  stone  rebates,  are  often 


p-ooved  for  the  plastering  or  linings,  in  addition  to  the  other  labour  named 
{bave  (fig.  607). 


Fig.  608  represents  the  plan  of  the  jamb  of  a  frame  with  door  linings 
d  finishings  In  an  ordinary  9-inch  reveal. 
Often,  to  break  the  joint  in  best  work,  the  side  of  the  rebate  and  the 
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s  of  each  is  taken  off  and  foniB 


door  are  beaded,  as  in  fig.  6og,  or  thi 
a  V  joint,  as  in  fig.  6io. 

The  section  of  ihe  head  is  similar  to  fig.  6i  i,  with  the  addition  of  the 
elevation  of  the  return  of  the  linings,  etc.,  as  seen  down  the  jamb. 

In  very  wide    walls,   in  first-class  houses,  the  linings  are  panelled,  as 


\j    F19-B09. 


Fig.  610. 


fig.  612,  which  represents  a  section  through  the  head.     The  jamb  would 
be  the  same,  without  the  elevation  lines  shown  on. 

N.B. — Students — when  drawing   plans  and  sections  of  moulded  and 
panelled   work,    which    returns  ■  and  is  seen  in  elevation,  between    1 
front   of  the  parts  which  are  in  section— should   take  care    to    show  d! 


these  lines  in  elevation,  that  being  the  correct  way,  and,  in  addition,  tbey 
embellish  their  drawings.    This  particularly  applies  to  panelled  work. 

Small  scale  elevations  of  the  whole  height  of  these  jambs  are  gi>-en  on 
figs.  613  and  614,  the  former  being  the  plan  and  the  latter  the  panelled 
linings,  the  rails  of  which  should  always  correspond  and  be  in  true  line  wi& 
the  panels  of  the  door — i.e.,  a  door  three  panels  high  should  have  h'ninp 
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three  panels  high,  each  panel  being  of  ihe  same  height  as  those  on  the  doo 
to  correspond. 
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^K  DOO 

^^Kn  agricultural  buildings  door  frames  are  seldom  used,  the  doors 

HBhg  hung  at  top  and   bottom    by   wroughl-iron    band-hinges,   on  to 

hooks  which  are  secured  to  stones  built  in  the  jambs.     Fig.  61;  is  a 

small  elevation,  and  fig,  tii6  enlarged  plans  and  sections,  with  details  of 

the  hooks,  etc. 

The  hooks,  otherwise  called  crnoks,  are  usually  used  in  pairs,  and 
sometimes  the  top  crook  (or  hook)  is  reversed,  so  that  the  pin  of  each 
points  towards  the  other,  to  prevent  the  door  being  lifted  off  them,  in 
which  case  the  door  has  to  be  put  in  position  before  the  upper  band-hinge 
is  attached,  or  bolted  to  the  framing  of  the  door. 

Another  method  to  prevent  the  door  being  lifted  off  its  hinges,  when 
hung  externally,  is  to  screw  the  end  of  the  pin  of  the  crook,  and  put  on 
a  nut,  which  should  be  permanently  tixed- 

When  very  large  doors  or  gates  are  a  necessity,  it  is  very  much  better 
to  screw  the  hinge  to  the  lower  edge  of  the  bottom  rail  of  the  door  with 
a  conical  pointed  projection  on  the  underside,  instead  of  the  knuckle  to 
go  over  the  pin ;  and  this  cone  is  made  to  work  in  a  gun-metal  socket, 
which  is  leaded  into  a  special  stone,  fixed  a  smill  distance  above  the  level 
of  the  threshold  or  top  step  immediately  under  the  door,  so  that  the  door 
may  swing  or  spin  (as  it  were)  on  this  cone.  In  this  case  it  is  always 
advisable  to  strengthen  the  band,  supporting  the  door,  by  means  of  lugs 
or  cars  welded  on  either  side,  so  that  the  thickness  of  the  door  is  grasped 
by  them.  Tiiey  should  be  at  least  nine  inches  high  and  every  eighteen 
inches  along  the  band-hinge,  with  a  minimum  of  three  pairs.  It  is 
needless  to  sny  these  lugs  sliould  be  bolted  together  through  the  door, 
and  the  face  of  them  should  be  flush  with  framing ;  otherwise  they  will 
form  a  ledge  or  cup  for  the  wet,  and  cause  the  bottom  of  the  door  to  rot. 

The  knuckle  and  pin  of  the  upper  hinge  must  be  perfectly  perpen- 
dicular oi'er  the  centre  of  the  cone  to  render  proper  and  easy  working 
without  undue  pressure  on  particular  parts ;  and  the  hanging  style  should 
be  much  wider  than  usual,  so  that  it  will  have  more  strength  to  keep  the 
door  from  sagging  towards  the  closing  or  meeting  styles. 

If  this  principle  of  "centre  hanging"  or  "on  points"  were  more 
extensively  used  we  should  have  less  sagging  of  doors  to  contend  with, 
especially  with  regard  to  the  best  doors,  and  even  window  shutters  in  firsl- 
cla»  work,  for  the  principle  can  be  applied  to  the  top  and  bottom  of 
framings,  similarly  to  "  door  springs,"  to  great  advantage. 

Before  leaving  the  subject  of  door  frames  mention  must  be  made  of 
die  practice  of  using  straight  door  frame  heads  in  arched  openings,  and 
■MUng  a  thin  turning  fiae  or  arch  piece  on  to  the  top  of  the  frame,  so  as 
^BfiU  up  the  space  above  to  the  outline  of  the  arch,  as  fig.  617. 
^^vDo^n, — Doors  are  wooden  framings,  hung  to  frames  or  doorcases,  or 
^^^pooks,  in  external  positions,  and  to  casings  or  linings,  internally.      No 
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door  should  ever  be  less  than  a  feet  9  inches  in  width,  6  feet  9  inch^^ 
iti  height,  and  ij  inches  in  thickness. 

Ledged  Doors  ate  the  first  and  simplest  form  of  door,  consistin^^ 
only  of  beaded  or  V-joinied  match  boarding,  nailed  to  deal  ledges,  gent^^ 
rally  ihree  inches  in  width.     Fig.  617A  represents  the  outside  of  a  ledgew; 


door,  and  fig.  618  the  inside,  XXX  being  the  ledges,  which  are  e 
chamfered  on  all  arrises,  as  shown  by  the  doubletline.     A  plan  is  giv^a 
on  fig.  619,  and  an  enlargement  of  the  section  at  the  ledge,  fig-  610. 

They  are  hung  to  the  frames  by  iron  hinges,  called  cross-ganuli  tjf 
T-hinges  {from  their  shape),  fixed  at  top  and  bottom  to  door  and  frame, 
and  are  fastened  by  Norfolk  thumb  latches,  and  locked  by  cased  stock 


*X  .   Top  Itdgc 


1 

Fr^/T' 

^ 

Fiq.  err  a 

EleomHon 

locks  with  a  hollow  bos  staple,  X,  fixed  on  the  frame  to  lake  the  bolt 
of  the  lock,  as  fig.  62 1.     In  the  North  these  are  called  BatUu  doors. 

N.B.— If  the  door  frame  is  not  rebated  out  to  the  thickness  of  the 
boarding  and  ledges,  blocks  have  to  be  fixed  on  to  the  frames  to  make 
the  fixing  on  the  frames  the  same  level  as  the  ledges  of  the  door. 

The  Ledged  and  Braced  Door  is  a  stage  higher  than  the  ledged 
door,  being  braced  up,  as  the  name  implies ;  the  only  noticeable  differ- 
ence being  at  the  back,  where  the  braces— whereof  the  object  is  to  keqi 
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ioor  from  hanging  down  from  its  hii^ea — are  seen.    Fig,  622  gives 
levation  of  the  back,  from  which  the  nature  and  difference  of  the  door 
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mpared  with  the  plain  ledged  door)  can  be  understood.    The  fasten- 
iXc,  are  precisely  similar  to  those  used  for  ledged  doors. 
B. — It  must  be  borne  in  mind  that  these  braces,  to  effect   their 
i  must  incline  upwards  from  the  jamb  to  which  the  door  is  hung. 
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The  Framecl  and  Braced  or  Framed  Ledged  and  Braced 

consbts  of  a  piece  of  framing,  ihe  si^e  of  ihe  opening  between  the  n 
of  the  door  frame,  with  a  middle  or  lock  rail  and  braces  (like  the  doo 
named)  in  addition,  to  strengthen  the  framing;  the  vhole  being  fil 
with  match  boarding,  as  fig.  6*3, 


Before  going  into  the  detail  of  this  kind  of  door  it  will  be  as  w 
impress  upon  the  student  that  all  continuous  upright  framings  are 
ilyles,  and  the  cross  or  horizontal  pieces  mils. 


The  rails  are  tenoned  and  wedt;ed  into  ihe  styles  in  the  usual  w 
previously  explained,  the  top  rail  tenon  being  as  fig.  624,  and  the  loc 
bottom  rails  {being  the  thickness  of  the  boards  less  in  thickness) 
bare-faced  tenons,  as  fig.  537,  but  two  tenons  in  height,  on  account  oi 
depth  as  compared  with  the  top  lail. 
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All  styles  are  generally  4^  inches  wide,  lock  and  bottom  rails  9  inches 

^eep,  and  the  top  rail  only  4^  inches ;  therefore,  in  a  door  2  inches  thick, 

^^e  styles  and  top  rail  are  4^  inches  x  2  inches,  but  the  lock  and  bottom 

^^h  to  which  the  boarding  between  the  styles  and  below  the  top  rail  is 

^^ured,  are  9  inches   x    i  inch,  in  cases  where  i-inch  boarding  is  used, 


«>c. 


brace 


\V 


rig. 6  26 


Fig. 627 
Section 


Fig. 62  8 
Section 


^  4  inch  with  |-inch  boards — the  two  thicknesses,  in  each  case,  making 
^P  th^  2  inches  of  the  door. 

*  He  detailed  section  of  the  top  rail,  showing  how  the  boards  are  secured 
,     »  is  as  fig.  625  ;  that  of  the  lock  rail  as  fig.  626 ;  and  the  bottom  rail, 
^^^  the  boards  run  through,  as  fig.  627;  but  in  cases  where  a  flush 
^^Ui  rail  is  used,  the  section  is  as  fig.  628. 
^ig.  629  explains  the  joint  at  the  styles. 
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Fig  630 


f  he  fastenings  used  are  just  the  same  as  for  the  ledged  doors,  with  the 
^^ption  that  sometimes  "band-hinges'*  are  used  instead  of  "cross 
°^ets,'*  the  hinges  being  bolted  to  the  door  front  and  hung  on  to  plate 
^^^,  as  fig.  630,  screwed  to  the  frames  ;  or  hook  stones  are  substituted, 
^^>ng  away  with  the  frames  (vide  fig.  616). 

To  impart  a  lighter  appearance  to  the  framing  of  these  doors,  the  styles^ 
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rails,  and  braces  are  often  stop-chamfered  on  all  edges,  the  elevation  of 
the  joint  at  the  lock  rail  next  the  hanging  style  then  appearing  as  fig.  631. 

Framed  and  Ledged  Doors  are  similar  in  all  respects  to  the  last- 
named,  with  the  only  exception  that,  as  their  name  implies,  they  have  no 
braces. 

Fanlights. — Some  internal  as  well  as  external  doors  are  made  with 
transoms  and  fanlights  over  them,  to  give  additional  and  regular  light 
as  fig.  632,  X  being  the  fanlight,  which  can  be  either  fixed,  or  hung  on 
butts  or  centres. 


Transom 


Ctttrnal  Door  with   Fanlight 
Fig, S32,'/S  Scale 


The  fanlight  itself  consists  of  a  piece  of  skeleton  framing,  similar  to  a 
glazed  sash,  with  or  without  bars.  The  transom,  more  or  less  intricate  io 
section,  acts  as  a  head  to  the  door  frame,  and  sill  to  the  fanlight ;  being 
framed — by  mortise  and  tenon  joints — into  the  jambs,  the  head  of  the 
fanlight  frame  is  similar  to  that  for  the  head  of  the  door,  which  has  now 
been  superseded  by  the  transom. 

Fig.  633  represents  the  jamb,  head,  and  sill,  with  transom,  of  a  fixed 
fanlight,  a  close  examination  of  which  will  show  all  that  is  required  for 
the  purpose. 

The  styles  and  head  of  the  fanlight  are  generally  square,  i|  inches 
or  2  inches,  as  the  thickness  of  the  fanlight  and  rebate  on  the  frame. 
They    may    be    of  any  section,  ovolo-moulded  (fig.    634);    chamfered 
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!'  *3S)>  lanab's  tongue  moulded  (fig    636),  or  of  any  other  design; 

It  the  glass  roust  always  be  put  m  from  the  outside  Where  putty  is 
1  It  IS  alwa)s  the  best,  and  renders  it  the  more  water  and  wind- 
it  as  the  weather   presses  the  glass  against   the   rebate,  as  fig.  637, 


Occasionally,  however,  when  loose  beads  are  used,  the  glass  is  put 
ftora  the  inside,  as  fig.  638,  but  never  with  putty.  The  mouldings 
'"'tainly  look  better  outside  in  contrast  to  the  putty,  but  the  work  is 
■"^^r  so  good. 
A  hifper  fanlight — i.e,,  one  to  open  inwards,  hung  on  butts  to  the 
''^^nsom— is  illustrated  at  fig.  639,  which  explains  itself. 
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Fanlights  are  seldom  made  to  open  outwaids,  because  Uie^  arc 
apt  to  help  the  rain  to  come  into  the  house,  as  can  be  imagined 


A  fanlight  hung  on  cintrcs  is  represented  by  fig.  641, 
the  principles  may  be  gathered.  The  jambs  have  a  solid  1 
lower  part  of  their  height  (something  less  than  the  halQ  insidi 
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Ae  upper  part  outside ;  with  loose  beads  planted  on  the  style  of  the 
fanlight,  in  reverse  fashion;  mitre-cut  to  fit  each  other — />.,  each  loose 
bead  into  the  corresponding  solid  bead  on  the  jamb — both  inside  and 
outside,  when  closed. 

This  is  done  to  allow  the  swing-fanlight  to  open  outwards  at  the 
'wtom  and  inwards  at  the  top,  revolving  on  pivots  which  fit  into  slots 
&ed  on  each  jamb. 

These  are  also  called  pivoted  fanlights,  from  the  manner  of  hanging 
them  on  pivots,  as  fig.  642. 

The  advantage  of  pivoted  or  "  centre-hung "  fanlights  is  that,  being 
out  of  reach,  so  to  speak,  they  can  be  easily  opened  and  closed  by  means 
)f  cords  and  pulleys.  If  the  fanlight  have  the  pivots  fixed  a  little  above 
he  centre  of  its  height  it  will  close  of  itself. 


Fig,  6^2 


Fig.  64S 


rig.eu. 


should  the  fanlights  be  divided  into  small  squares,  the  bars  used 
are  similar  to  those  explained  for  sashes  in  Chapter  XVIII. 

*^^p€r  fanlights  (fig.  639)  are  secured  by  small  spring  fasteners, 
"^  ^0  the  \xx^  rail  of  the  fanlight,  with  a  box  staple,  to  receive  the 
'P™^  bolt,  fixed  on  the  head  of  the  frame,  as  fig.  643.  The  ring  serves 
^  poll  the  bolt  back  when  the  light  is  required  to  be  opened. 

^^ted  lights  can  be  secured  properly  by  means  of  the  cords,  which 
^y  be  tied  over  belaying  hooks  (fig.  644)  screwed  to  the  frame  of  the 
*^i  or  to  the  linings. 

^RDelled  Doors. — ^This  kind  of  door  is  the  most  general  in  ordinary 
^  and  consists  of  a  framing,  made  up  of  narrow  pieces,  mortised  and 
^^ed  together,  and  grooved  in  the  inside  to  receive  the  panels. 

Fig.  645  represents  the  plan  and  elevation  of  the  skeleton  of  a  four- 
P^elled  door,  fig.  646  those  of  a  five-panelled  door,  and  fig.  647  those  of 
^six-panelled  door. 
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S  S  are  the  styles,  the  one  with  the  butts  on  being  called  tfc 
hanging  style,  and  the  other  the  closing  style.  Styles  always  ru 
through  the  whole  height,  and  are  really  the  foundation  of  the  complet 
fraaiing,  the  other  members  being  directly  or  indirectly  connected  V 
them. 

M  M  are  the  muntins  or  muntings,  which  are  tenoned,  at  top  and 
bottom,  about  i  inches  into  the  raits,  as,  for  obvious  reasons,  they  cannot 
be  wedged. 

T  R  is  the  top  rail,  which  is  tenoned  into  the  styles. 

L  R  is  the  lock  or  middle  rail,  the  top  of  which  should  always 
be  3  feet  2  inches  above  the  floor  line,  that  being  the  acltnowledged 
height  of  convenience  for  the  handles  of  the  locks. 

B  R  is  the  bottom  rail;  and  F  R,  when  used,  the  frieze  rail; 
P  represents  the  panels,  which  are  sometimes  distinguished  as  "lop," 
"  bottom,"  or  "  middle  "  panels,  according  to  .position ;  and  F  P  are  the 
frieze  panels. 

The  door,  fig,  645,  is  hung  with  one  pair  of  butts,  which  should  be 
of  wrought-iron,  either  3  inches  or  4  inches  in  length ;  the  lock  is  1 
rim-iock,  which,  though  on  the  same  principle,  is  of  a  better  kind  than  1 
the  ordinary  stock-lock — viz,,  a  projecting  lock,  screwed  on  to  the  &«  1 
of  the  framing,  the  bolt,  when  turned,  going  into  a  box  staple  secured  ■ 
to  the  jamb  of  the  frame  or  lining. 

The  five  and  six-panelled  doors,  figs,  646  and  647,  are  hung  with 
ij  pairs  of  butts,  on  account  of  their  increased  si^e,  while  ihe>'  ste 
secured  by  a  mortise-lock,  which  is  sunk  into  the  style  and  part  of  ill* 
lock-rail,  as  shown  by  dotted  lines. 

In  addition  to  the  furnHun,  as  the  handles  or  knobs,  etc.,  i^ 
commonly  called,  it  will  be  noticed  that  these  doors  have  what  are 
called  fingtr-platrs  screwed  on  to  the  styles  above  and  below  the  lock' 

Fig.  648  will  give  the  student  an  idea  how  a  door  is  put  together,  tt^ 
example  being  a  five-panelled  door. 

It  will  be  seen  that  the  styles  are  made  with  horns,  X  X,  \\  inches 
longer  than  the  size  of  Ihe  door,  at  top  and  bottom,  to  give  the  worknieB 
something  to  knock  the  styles  off  by  while  framing,  and  allow  of  iDOte 
substance  to  withstand  the  driving  home  of  the  wedges  at  top  s"*" 
bottom. 

Where  the  doors  are  2  inches  or  more  in  thickness,  all  rails,  etc.,  m"" 
be  double -tenoned ;  and  under  any  circumstances  all  lock-tails  must  D* 
double -tenoned  into  the  closing  style  when  mortise  locks  are  to  t" 
used. 

Before  entering  into  the  details  of  the  various  modes  by  which  ^^ 
skeleton  framing  of  the  door  is  ornamented,  it  must  be  impressed  on 
student  that  al!  panelled  doors  can  be  treated  in  the  same  manaei 
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dass  of  work  on  both  sides,  or  a  different  one  on  each  side.    For 
ance,  a  four,  five,  or  six-panelled  door  can  be  either  square-framed 
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ides,  as  fig.  649 ;  moulded  both  sides,  as  fig.  650  ;  or  square-framed 
de  and  moulded  the  other,  as  fig.  65 1. 
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mare-framed  consists  of  the  panels  being  left  in  squa 
;t,  left  as  the  skeleton  framing.  Fig.  649  represents  a  c 
;d  on  each  side. 
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Moulded  both  sides  is  the  term  used  when  mc 
round  the  panels  (fig  650),  whether  they  be  "st 
mouldings,  as  explained  in  Chapter  XVI. 
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Squart'franud  and  moulded  is  a  combination  of  the  last  two,  one  kind 
being  on  each  side. 

Btad  butt  and  square  is  as  fig.  652,  the  beads  running  up  beside  the 


Square  &  Framed  Panels 


Plan 
Fig. 649.  r Scale 

Stuck  nnoulding 


Ptantrng  moulding 
Plan 
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Plan 
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Elevation 
Fiy.eSZ.I'Scale 

^^^  and  butting  up  against  the  rails.     It  will  be  noticed  that  the  panels 
^  *>8  kind  of  door  are  thicker,  which  is  an  advantage  in  external  doors. 
^^ad  flush  and  square  has  the  bead  mitred  round  inside  the  panel 
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instead  of  only  on  two  sides,  and  butting  against  the  rails.  The  plan  is 
precisely  the  same  as  fig.  651,  the  difference  only  being  detected  on  the 
drawings  upon  the  elevation  and  vertical  section  {see  fig.  653);  and 
comparing  them  with  fig.  653,  it  will  be  noted  that  the  bead  is  shown  on 
the  sectional  elevation  in  a  "  bead-flush "  door,  but  not  in  the  "  bead 
butt." 


Sectional  Eieva'iai 

Elevation  Fiy.GSS.  I'Scaie 

The  two  kinds  of  doors  last  named  are  often  made  moulded  instead  of 
square  on  the  inside,  being  "  bead  butt  and  moulded,"  or  "  bead  flush  and 
moulded."  The  beaded  work  is  seldom  put  inside,  being  most  suitable 
for  outside,  and  having  a  more  substantial  and  strong  appearance,  unsuit- 
able for  internal  effect. 

Chamfertd  and  square  is  as  fig.  654,  and  requires  no  further  explana- 


Pla.n 

fig  65*.    I  Scale 

tion,  except  that  the  chamfers  are  worked  "  on  the  solid  " — />.,  of  the 
framing  itself. 

Slopchamftrti  is  as  fig,  655,  the  elevation  of  the  panels  being  U 
shown. 

Boliction-moulded  doors  are  on  plan  as  fig.  656,  and  on  elevation  as 
fig-  ^57  i  whereon  it  will  be  noticed  that  the  lines  of  the  framing  are  within 
the  oulsides  of  the  moulding,  which  is  the  proper  way  to  show  a  bolectioa 
moulding  in  elevation. 
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Often  in  addition  to  these  mouldings — which  are  connected  to  the  sides 
of  the  framing,  and  really  enclose  the  panels — the  panels  themselves  ait 
more  or  less  ornamented, the  most  general  methods  being  the  following:— 

liaised  panels,  as  fig.  658,  from  which  it  will  be  seen  that  the  panels 


are  thicker  in  the  centre  being  raised  up  from  the  usual  face  which  goe' 
into  the  groove  of  the  styles  and  rails. 

Raised  and  sunk  appear  the  same,  in  front  elevation,  as  the  last ; 
but,  before  the  bevel  starts  from  the  face  of  the  panel,  it  is  first  sunk  about 
^th  of  an  inch,  as  XX  on  fig.  659, 


Fig.essi^'Sctit 

Moulded,  raised,  and  sunk  panels  are  yet  a  step  higher,  the  edge  of 
the  raised  portion  being  moulded,  as  fig.  660,  which  carries  a  double  line 
in  devation. 

Linen  panels  are  occasionally  used  in  the  best  kind  of  work,  the  ia« 
of  the  panel  being  moulded  and  carved  to  represent  a  roll  of  linen  tvisKd 
about  (fig.  661). 


s  IS  done  both  for  effect,  and  to  allow  of  more  area  of  glass,  which  is 
red  within  the  framing  by  loose  beads  mitring  round  ihe  panels  and 
red  to  the  framing  after  the  glass  is  in. 
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Fig.  663  is  an  enlarged  plan  of  the  style,  showing  the  glass  and  i^* 
of  fixing.  The  styles  of  this  kind  of  door  are  often  called  gwn-slixk  %ty 
from  the  shape  which  results  from  the  diminution. 


Fig.  663. 


Dwarf  doors  is  a  name  given  to  doors  of  very  sr 
cisterns,  cupboards,  and  trapdoors. 

Jib  doors  are  those  which  are  made  to  correspond  in  appearance 


principal  1 


the  walls  of  a  room,  ha^mg  the  same  finishings,  in  the  shape  of  skirtings' 
dadoes,  chair,  and  picture  rails,  or  cornices,  fixed  to  them  as  to  the  walls- 
They  are  out  of  date  now,  and  seldom  tised. 


Sliding  doors  (when  douhle)  arc  made  in  two  portions,  which  run  pa 
each  other  on  wheels  when  required  to  open.  The  wheels,  which  roa 
either  be  fixed  to  the  top  or  bottom  of  the  doors  (figs.  668  and  669),  hai 
a  hollow  margin   in  the  centre,  which  grips  an  iron  or  hard  wood  goi( 
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{fig.  664)  running  past  the  openii^,  the  whole  width  of  the  doors,  to  keep 
them  in  position. 

This  class  of  door  is  suitable  for  goods  sheds,  fittings,  and  other  situations 
vfhere  there  is  not  room  for  a  door  to  open  on  its  hinges,  as  fig.  665. 

To  overcome  this  difficulty  the  sliding  door  is  used  either  double  or 
single,  according  to  the  width  of  the  framing  and  spaces  at  its  sides 
(fig-  666). 

Fig.  667  shows  an  opening  with  narrow  sides,  which  necessitates  the 
loor  being  in  two  halves. 

Figs.  668  and  669  show,  respectively,  sliding  doors,  with  wheels  on  a 
lunner  overhead,  and  on  a  runner  underneath,  with  guides  to  suit  the 
I     alternate  methods. 

I         folding  doors  are  those  which,  being  too  wide  to  be  hung  to  one  jamb, 
I    ^  ^Tided  into  two  parts,  each  hung  to  a  jamb,  right  and  left,  and  meet- 


"■g  m  the  centre,  as  fig.  670,  Each  of  the  half-doors  is  hung  with  butts 
•o  the  jamb,  and  one  "  leaf"  or  "  fold  "  is  fastened  by  bolts  at  top  and 
'■Mloiii,  into  sockets  fixed  to  the  head  of  the  frame  or  linings,  and  to  the 
^.  The  other  leaf  is  secured  with  either  a  rim  or  mortise  lock  (as 
Ixfore  described),  but  the  latter  has  to  be  rebated  to  suit  the  section  of 
lie  closing  style  of  the  door. 

They  are  made  in  the  same  way  as  other  doors,  the  meeting  styles  (as 
tfaey  are  called)  at  X  being  rebated,  as  fig.  671,  to  form  a  joint;  and 
io  best  work  this  is  more  or  less  checked  to  prevent  the  ingress  of  draughts 
r  ad  damp,  as  fig.  673. 

The  jambs  of  these  and  other  kinds  of  doors  and  frames  are  also  often 
checked  out  for  the  same  reasons  (fig.  673),  but  it  is  better  to  leave  a 
hollow  on  the  frame,  as  fig.  674,  and  have  no  projection  on  the  style  of 
the  door,  which  has  been  proved  to  suck  or  draw  in  the  rain  in  wmdy 
weather. 

Double-margined  doors  are  imitation  folding  doors.  The  door  is  hung 
in  one  width,  with  a  bead  worked  on  the  middle  from  top  to  bottom,  to 
nuke  it  appear  as  if  it  were  made  in  two  parts. 

Internal  doors  have  "  linings  "  or  casings,  which  can  be  either  plain  or 
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panelled,  according  to  the  thickness  of  the  walls  they  are  in  for  thei 


cases. 


C\ 


c 


It. 


^s 


33 


<0 


.1; 


Plain  casings  are  used  for  doors  in  4  j-inch,  Q-inch,  and  sometimes 
i4-inch  brick  or  corresponding   stone  walls.    A  rebate  on  the  casing, 


DOORS:   THEIR  FINISHINGS  AND  FASTENINGS. 


263 


an  inch  in  depth,  around  the  three  sides  of  the  door,  regulates  the  size  of 
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Hook  rebate 
Fig.  672. 

the  casing.     Thus  for  a  door  2  feet  9  inches  x  6  feet  9  inches,  the  casings 
must  be  2  feet  9  inches  between  the  rebates  in  width,  and  6  feet  9  inches 
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between  floor  and  rebate  in  height.  Their  width  is  regulated  by 
thickness  of  the  walls  plus  the  plastering,  if  any,  on  each  side.  A  ca 
for  a  4j-inch  wall  should  be  4I  inches,  plus  two  \  inches  for  plasterii 
I.;.,  6  inches  wide ;  and  for  a  9-inch  wall  it  should  be  loj  inches  wide 


Fig  678 


Plain  casings  are  generally  2  inches  thick,  and  either  single  0 
rebated^the  one  being  necessary  for  the  door  and  the  other  acoc 
farcy  and  uniformiiy. 

Fig,  67s  represents  the  plan  of  one  jamb  of  the  casing  ( 
door  in  a  4J-inch  wall,  singk-rebakd. 


/ 
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^jg-  676  gives  the  section  at  the  head  showing  the  architraves  on  each 
-ue  in  elevation  and  section. 

''g-  677  shows  a  front  view  of  part  of  a  door  lining  or  casing,  with 
'"  '  "id  relieving  arch,  and  rebate  for  doors,  whereof  fig.  678  is  an 
'f^ged  view. 


^  •c/.on  Plan 

•&-570  /MM  n^  681 

^~*'***bU-rebat€d  (astngs  have  a  rebate  on  the  other  edge,  corresponding 
0  «»at  for  the  door;  a  6-inch  casing — i.e.,  for  a  4J  inch  wall— being  as 
^'  ^79i  which  is  a  section  through  the  head.  It  is  needless  to  give  the 
1*^^  :  the  student  should  be  quite  able  to  follow  that  out  himself. 

^*  "single  and  double-rebated"  casings  for  9-inch  walls  are  similar  to 
^  B*  last,  but  of  course  wider. 

^'S.  6S0  represents  the  plan  of  a  single,  and  fig.  681  that  of  a  double- 
™Ue<l  casing  for  a  9-inch  wall. 
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Those  for  14-mcb  walls  must,  <rf  course,  be  cross-tongued,  having  to  t 
made  out  of  two  widths  of  stuff,  1 1  inches  being  the  widest  procurable. 

yig.  683  is  a  plan  of  a  cross-tongued  double-rebated  casing. 

Occasionaily,  this   cross-tongumg  is  superseded  by  framing  on  Ioo^k  ^ 
rebates  on  each  side,  as  fig  683,  which  has  the  advantage  of  not  sbowLir^  1 


any  crack  if  the  joint  gives,  as  would  be  seen  with  the  cross-tona 
as  fig.  683. 

It  is  also  a  good  plan  to  key  them  across  their  back  with  haT«3.^W)d 
keys,  to  keep  them  from  twisting ,  die  keys  being  dovetailed  in,  as  ■»-*  **" 
(see  fig.  684),  and  driven  home  from  the  thick  to  the  thin  end. 


This  difficulty   is  often   obviated   by  using  skeleton  eatings ;     *""  " 
should  be  noted  that  these  can  be,  and  are,  often  used  for  any  ■ 
widths.     They  have  the  advantage  of  giving  a  firmer  and  better  fixirt?  "  M^ 
the  hanging  style  of  the  door.    The  ij-inch  thickness,  which  the  r«w*  » 
left  of  a  2-inch  casing  or  lining,  was  all  too  little  and  weak  for  baag'''S*  t 
large  door  to ;  whereas,  with  the  skeleton  casing  and  "  loose  "  stop*  we  Ii*"  f 
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alwajrs  1  inches  to  hang  to,  and  without  waste  of  stuff  and  extra  cost,  such 
as  vould  be  entailed  if  there  had  been  a-inch  rebates,  on  plain  linings. 

Fig.  685  represents  an  enlai^ed  plan,  and  fig.  686  a  small  elevation, 
of  the  jamb,  before  the  rebate,  or  rather  st<^  piece,  is  planted  on  its  face  to 
fonn  the  rebates. 

PatuUed  casings,  as  the  name  implies,  are  more  ornamental  than  any 
of  Ihe  last     Still  they  cannot  be  used  for  narrow  casmgs ,  11  inch  even 


Sactionml  Eltrttioa 

fiy  ege 

^■ce  the  panels  rather  cramped  up.  The  panels  must  range  in  height, 
^•»  with  the  doors,  those  on  the  jambs  by  the  panels  of  the  door  in 
'^'Sht,  and  those  on  the  head  according  to  the  number  of  panels  at  the 
■^P  of  the  door.  It  is  always  as  well  to  show  the  top  or  "  soffit "  panelling, 
^  it  is  termed,  by  dotted  lines  on  the  plan,  as  fig.  687,  which  gives  a 
VUn,  etc,  of  panelled  linings  or  casings  for  an  18-inch  wall,  and  fig.  688 
^  smalier-scaled  elevation. 
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From  figs  687  and  688  the  student  will  gather  that  the  door  'u 
6  panelled  3  m  he  ght  and  i  wide ;  a  5  and  frieze-panelled  door  would 
have  had  onlj  i  panel  on  the  soffit  where  2  are  shown  by  dotted  lines 
on  the  plan 


Oftentimes  the  rebates  are  what  are  called  loose  rebates,  anJ 
are  sometimes  beaded  m  addition,  as  fig  689 

From  the  \arious  lUustntions,  etc  gl^e^  of  linmgs  or  casings,  *^ 
student  will  haie  notictd  how  important  it  is  that  the  framed  groun**' 
round  the  doorway  should   be  li\ed   to   the   gauge   shown   on  fig.  5?^ 
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sctly  plumb  on  the  (ace  and  sides ;  though  the  latter  can  sometimes 
Mrrected  by  the  wedges  used  to  regulate  and  secure  the  proper  line 
le  doOT  casings 

Dadoes  are  wooden  Tramrngs  fixed  to  the  walls  around  a  room,  either 
n  ornament  or  for  protection      They  are  usually  about  ij  inches 


rig. 690.  »iiScile 


lickness,  and  can  be  made  of  plain,  cross-tongued,  or  any  other 
le  various  kinds  of  maich-hoarding;  or,  in  better  work,  they  are 
lied,  and  can  he  square -framed,  moulded,  chamfered,  bolection- 
Ided,  bead  flush,  or  with  raised  or  other  ornamental  panels,  as 
lined  and  illustrated  for  doors, 
hey  are  square  at   the  bnck  and  fixed  to  grounds  and  backings 
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plugged  to  the  brick  walls ;  but,  to  prevent  damp,  they  should  be  painted 
at  the  back  before  being  permanently  fixed. 

Fig.  690  represents  a  section  and  part  elevation  of  a  panelled  dado 
with  its  belongings,  X  showing  what  is  called  a  leg,  being  the  end 
style,  which  runs  down  to  the  floor;  between  these  tegs  the  dado  only 
goes  just  below  the  top  of  the  skirting.  There  is  no  regulated  height 
for  dadoes ,  they  vary  according  to  taste  and  the  number  of  panels  in 


Elatahon 
Fig.  691.  rSetIa 

height.      Of  course,   in   match-boarded    dadoes,  the  boards    are   fixed 
perpendicularly,  and  generally  run  down  to  the  floor. 

All  internal  angles  of  dadoes  are  tongued  and  grooved,  and  the 
external  angles  mitred  and  tongued,  or  formed  with  any  other  suitable 
joint,  explamed  in  Chapter  XVI.,  to  which  please  refer. 


SkirtingB  are  plain  or  moulded  longitudinal  boards,  of  various  heights, 
fixed  on  grounds  and  backings  to  the  walls  at  the  floor  line.  In  best 
work  they  are  tongued  into  the  floor,  as  fig.  691,  which  represents  a 
moulded  skirting  with  its  fixings. 

Internal  angles  are  tongued  with  the  mouldings  scribed  over  each 
other,  and  the  external  angles  are  mitred  only. 

A  double  skirling  consists  of  two  or  more  membeiSi  as  fig.  69a,  and 
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enemlty  necessitates  the  backings  being  cut  to  the  shajie  of  the  back 
1;  complete  skirtings,  as  fig.  691. 
air  rail  is  the  name  given  to  the  longitudinal  mouldings  which 


ire  fixed  at  the  height  of  the  tops  of  the  backs  of  chairs,  as  a  capping 
p  dadoes,  as  in  fig.  693 ;  01  to  grounds  on  plaster  walls,  as  fig.  694. 

^^Be  chair  rail  is  often  called  the  "surb^se," 
^Hnlh  "  or  "  base  "  of  a  dado. 

Skirtings  and  dadoes  are  often  made  of  plaster  or  cement,  instead  of 
^■ood ;  but  these  will  be  explained  in  Chapter  XXI.  on  "  Plastering,"  etc 


ind  the    skirling    the 


Sash,  ot  Cased  Frame* —Solid  Frames  anil  Casements— Hortowed  Lights- 
Window  Finiahings— Shulters. 

Windows  and  Frames. — Window  openings  are  filled  in  with  two 
classes  of  joiner's  framing— cased  frames  filled  in  with  sashes,  or  solid 
frames  with  casements. 

Sash  Framea. — Castd frames  are  of  two  parts,  as  stated  above,  con- 
sisting of  sashes,  in  one  or  more  squares,  with  or  without  bars,  suspended 
over  pulleys  by  lines  with  regulated  weights  tied  on  at  the  other  end,  in 
boxings  framed  together  as  jambs.     These  jamb  boxings  are  connected  by 


F,q.695. 


a  head  at  the  top  and  sill  at  the  bottom,  forming  a  four-sided  fiame, 
within  which  the  two  sashes  are  enclosed. 

^■B-  ^95  represents,  to  a  small  scale,  the  plan  of  a  cased  frame  with  Us 
sashes  ;  fig.  696  is  a  section  of  the  same. 

Figs.  697  and  698  are  enlargements  of  the  same,  at  the  points  marked 
A,  B,  C,  and  D,  respectively ;  and  the  detailed  parts  are  lettered*  as 
follows : — 

P  S,  pulley  style ;  P  P,  pocket  piece ;  P  H,  pulley  head— i.r,  head  of 
style ;    S  C,    sash    cord ;    U',  weights  ;  I  L,  inside   lining  ;  O  L,    outside 
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lining;  B  L,  back  lining ;  P  B,  parting  bead'';  P  L,  parting  lath ;  T  B, 
inside  or  stop  bead;  S,  sill;  B,  blockings;  S,  styles  of  sashes;  BR, 
bottom'  rail  of  sashes;  M  R,  meeting  rails  of  sashes;  T  R,  top  rail  of 
sashes ;  S  B,  sash  bar. 

From  the  enlarged  illustrations  the  student  will  have  noticed  that  the 
thickness  of  the  sashes,  whether  it  be  i|,  i^,  ig,  2,  or  2  j  inches,  regulates 
the  thickness  of  the  whole  boxing.  All  the  other  usual  sizes  are  figured,  so 
that  he  should  be  able  to  apply  the  above  to  any  thickness  of  sash. 


full  Mite. 


On  fig.  697,  the  plan  of  the  jamb,  both  sash  styles  are  shown,  thou^ 
only  the  inner  or  bottom  sash  is  really  seen  in  its  place  when  the  section 
is  taken  below  the  meeting  rail  C,  and  that  of  the  top  or  outside  sash  is 
only  observed  when  a  section  is  made  above  the  meeting  rails. 

It  will  also  be  noticed  that  the  two  weights  are  shown  in  the  boxings. 
This  sash-frame  is  supposed  to  be  dmbU-kunf^T—J.e.,  both  sashes  are 
suspended  by  the  cords  over  the  pulleys,  and  weighted,  so  that  they  can  be 
regulated  when  neither  open  nor  shut.  If  the  sashes  were  sin^le-huHg 
only  one  weight  should  be  shown  in  each  jamb  on  the  same  side  of  the 
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parting  lath,  P  L,  inside  the  boxing— the  same  side  as  thd 
the  parting  bead  outside.     This  parting  bead  should  I 
to  provide  against  undue  swelling  and  sticking  of  the 
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Fig.  699  is  an  elevation  of  the  pulley  style,  without  the  sashes  in ;  and 
g.  700  a  section,  showing  the  working  details  of  the  axle  pulleys,  weights, 
)rds,  and  pocket  pieces,  the  latter  of  which  are  for  putting  in  and  getting 


riy.  700. 


PlAf> 


r-0- 

Elcvdidon. 
Fig  701. 


702. 


Fiq.  703. 


tlie  weights,  when  hanging  or  regulating  the  sashes.      One  pulley 
tB  shown  on  each  pulley  style  when  the  sash  is  '  single-hung.' 
;iie  pulley  styles  are  housed  and  wedged  into  the  oak  sills,  as  shows 
i&   701,  and  hpused  into  the  head  which  runs  across  at  the  top 
fig.  7oJ») 
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The  linings  are  united  at  the  top  angles,  as  fig.  703 ;  and  the  sill  is 
notched  out  for  them  at  the  bottom,  as  fig.  704. 

The  meeting  rails  are  always  about  j  inch  thicker  than  the  styles,  or 
thickness  of  the  sash,  to  fill  up  the  space  of  the  parting  bead,  which  aeiues 
a  space  where  the  top  and  bottom  sashes  meet,  as  shown  in  fig.  705. 


Plan 
r'j.  70* 


figroi 


f's 
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Fig.  706  shows  the  space  filled  up  properly  by  the  meeting  of  the 
sashes,  which  should  lock  as  shown,  the  top  sash  always  being  outside  on 
account  of  the  ledge  which  it  would  create  at  the  meeting  with  the  bottom 
sash  if  it  were  inside,  as  fig.  707. 

Sometimes  the  oak  sills  are  double-sunk,  as  shown  in  fig.  708,  and  the 
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top  or  inside  bead,  I  B,  is  made  deeper,  so  that  ventilation  can  be  let  ioto 
the  room  without  creating  a  draught,  by  raising  the  bottom  sash  a  little 
so  that  it  does  not  get  above  the  top  or  inside  bead,  while  the  air  ge'' 
in  between  the  meeting  rails  of  the  sashes  not  properly  locked,  w 
fig.  709. 

To  prevent  the  wet  driving  or  sucking  up  the  sills  they  and  the  top  <" 
inside  bead,  I  B,  are  made  to  either  of  the  sections  on  fig.  710. 
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The  cord  is  connected  to  the  sash  style,  as  fig.  71 1,  which  is  a  view  of 
Die  ade  of  the  sa^h  style  running  up  the  pulley  style ;  a  space  for  the  cord 
being  made  in  the  thickness  of  the  style,  as  the  plan  shows,  with  an  enlai^ed 
place  for  the  knot,  as  on  elevation. 

The  outside  linings  of  the  frames  are  often  moulded  on  the  edge  in 
better  w(Kk,  as  fig.  7 12. 


1*he  sashes  themselves  are  moulded  to  a  variety  of  designs ;  fig.  713 
'^''^g  chamfered  .fig-  714,  ovolo-moulded ;  fig.  715,  lamb's-tongue 
"'^''Itied,  fig    716,  astragal  and  hollow-moulded;  fig.  717,  moulded. 

All  rebates  for  the  glass  in  the  sashes  should  be  no  less  than  |  inch 
'^*E^  and  about  j  inch  wide. 
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Saii  bars  are  of  width  varying  from  |  inch  to  i  j  inch,  by  the  thickness 
""lesash;  but  the  thinner  they  are  the  better,  as  they  do  not  block  up  so 
'"'"4  li^t.  They  are  taoulded  on  each  side  to  the  moulding  of  the  sash 
ili^ian  ovolo-moulded  sash  being  as  fig.  718 ;  and  they  are  connected 
tDgether, as  fig.  719,  by  a  scribing  and  mortise  and  tenon;  T  being  the 
taaa,  M  the  mortise,  and  Sc  the  scribing. 


bUILdWA  MUsUctionJ 

J  Those  in  the  direction  of  the  jars  or  blows  are  made  ithe  "  throi^h 
■rs,  with  the  mortises.     The  other  joints  between  styles  and  rails  a 
cribed,  mortised  and  tenoned  together,  and  wedged  up. 
^Vhen  sashes  are  not  hung  they  are  said  to  be  _;?«,/ sashes. 


a  M 
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Venetian  sashes  are  3-light  windows,  the  centre  light  being  larger 
the  sidelights,  as  fig.  720 ;  the  boxed  mulhon  between  being  as  fig.  yji. 


when  all  sashes  are  hung ;  and  fig.  71a  illustrates  the  treatment  wher*  '^^ 
is  not  the  case ;  the  mullions  taking  up  far  less  room  ;  and  the  weigt*-** 


n^  722 


the  centre  sash  (the  only  one  hung)  are  enclosed  in  the  jambs,  the  «»n»  , 
being  worked  by  pulleys  over  the  sidelights,  as  fig.  723  will  explain,  we 
^       '"  '  '.s- being  shown  to  illustrate  the  difference  of  working  as  compared 
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\al  sashes  have  a  narrow  margin  formed  by  a  sash  bar  up  or 
\  lights,  the  space  between  the  bar  and  the  style  being  the 
fig.  724. 
and  double-hung  sashes  have  been  explained  in  the  general 


r-headed  sashes  have  the  underside  of  their  top  rails  and  the 


^ 
^ 


ir 


^2A 


Odtside. 


s  outside  linings  cut  to  the  outline  of  the  arch,  while  the  inside 
tare  and  flat  (figs.  725  and  726). 

ir-headed  sash  frames  have  their  boxings,  as  well  as  their  sashes, 
:ularly  inside  and  outside.     But  the.  only  difference  noticeable  in 


ly  that  the  pulleys  must  be  placed  below  the  springing  line.  The 
le  same,  and  the  elevation  of  course  different,  showing  exactly  what 
^  The  pulley  style  is  cut  to  a  thin  veneer,  and  blocked  out,  as 
:  two  bending  over  and  meeting  at  the  crown,  where  they  are  joined, 
are  secured  by  means  of  sash  fasteners,  consisting  of  a  lever 
screwed  to  the  upper  side  of  the  meeting  rail  of  the  top  aasb. 
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which  turns  under  a  calch,  screwed  by  a  plate  to  the  upper 
meeting  rail  of  the  bottom  sash,  as  fig.  jiS. 

When  large  heavy  sashes  are  used  they  are  lifted  up, 
opened,  by  projecting  or  flush  lifts  fixed  to  the  bottom  rail  o1 
sash,  and  the  lop  sash  is  pulled  down  by  a  ring  fastened  to  its 

Solid  Prames  are  made  of  solid  heads,  sills,  and  jamt 


I 


door-frames,  and  filled  in  with  casements  exactly  the  same  a 
hung  by  "butts"  to  the  sides  of  the  solid  framing. 

There  is  very  Httle  difference  to  be  noted  on  the  exteJ 
as  compared  with  that  of  a  sash  or  cased  frame,  except  tl 
no  meeting  rails  to  be  seen  ;  the  real  difference  being  in  d 
them,  as  shown  by  plans,  sections,  and  of  course  the  details. 

Figs.  729,  730,  and  731  represent  the  elevation,  plan,  ai 
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^i'anied,  single-light  window,  with  a  casement  hung  to  a  jamb 

>  inwards.  It  will  be  noticed  that  the  brick  jambs  need  not  be 
'  ;  2  inches  is  quite  sufficient  as  compared  with  4^  inches  for  a 
^ame ;  and,  moreover,  a.  solid  frame  does  not  require  so  much  depth 

>  for  its  thicknessi  4^  inches  again  being  ample,  whereas  some 
or  cased  frames  require  as  much  as  6j  inches;  but  this  varies 
*%  to  the  thickness  of  the  sashes,  linings,  etc. 


Flq/33      "/ISCdJC 


n?     li  Scale- 


Fi^.734 


)g  732  IS  an  enlargement  of  the  plan  of  a  jamb  or  section  of  the 
both  bemg  abke ;  and  fig.  733  is  a  section  of  the  sill  of  chamfered 
oents  and  frames  to  open  inwards. 

he  casements  are  hung  to  the  jamb  by  a  pair  of  3  j  or  3-inch  butts, 
ecmed  by  a  casement  fastener,  the  principle  of  all  the  very  numerous 
CDt  kinds  being  a  handle  with  a  pin,  which  turns  on  a  brass  plate 
ed  to  the  casement,  and  enters  into  a  mortise  or  staple  on  a  plate 
ed  to  the  solid  frame  (fig.  734). 
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F'8-  735  represents  plan  and  section  of  head,  and  fig.  736  a  sectioa 
of  the  sill,  of  a  moulded  casement  to  open  outwaids. 

These  are  hung  and  fastened  in  the  same  manner  as  the  last-named, 


and  the  opening  arrangement  is  regulated  by  means  of  a  stay  with  a  mC' 
able  joint  fixed  to  the  bottom  rail  of  the  casement.  The  ann  is  peKti 
with  a  suitable  number  of  holes,  which  fit  on  to  a  pin,  screwed  by  a  pWe 
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'  ^U,  whereby  the  opening  may  be  regulated  and  the  casement  fixed 

'  I*osition  required  (fig,  737). 

^^^^9'  casemnUs  are  similar  to  hopper  fanlights  and  fail  inwards,  being 


, ,  ^  the  sill,  as  fig.  738,  fig.  739  being  a  section  of  jamb  and  head  with 

^ligue  moulded  casements, 
n^.^  are  secured  by  the  spring  fastenings  illustrated  in  the  last  chapter. 
^"^Ud  casements,  or  those  hung  on  centres,  are  explained  by  fig.  740, 


i 

m 

1 

%  741  and  743  being  sections  of  the  jamb  above  and  below  the  pivots. 
"^  further  explanation  is  required,  the  student  must  refer  to  the  same 
™d  of  thing  in  &nlights,  where  their  principle  is  described  in  detail. 
Sitding  casements,  as  the  name  implies,  are  those  which  are  made  in  two 
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sections,  the  one  to  slide  past  the  other.  Fig.  743  is  a  plan  of  a  fniDK, 
filled  in  with  two  sliding  casements,  of  which  L  L  are  locking  styles,  eadi 
being  rebated  out  to  fit  the  other ;  and  figs.  744  and  745  give  sections  (^ 
the  sill  and  head. 

It  will  be  gathered  from  the  drawings  that  these  last  casements  fun 
the  advantages  of  sashes,  in  that  they  neither  open  inwards  nor  outvards, 
which  may  be  said  to  be  disadvantages  in  casements  and  soUd  frames, 


and,  moreover,  they  are  not  so  liable  to  let  in  the  wind  and  wet  as  hanging 
casements  ;  but,  on  the  other  hand,  they  requiie  more  space  in  thickness, 
and  often  cause  trouble  with  narrow  jambs. 

Sometimes  the  casements  are  kept  in  their  place  by  iron  studs,  lel 
into  the  sill,  as  fig.  746 ;  and  the  writer  thinks  that  to  be  the  betternf, 
as  it  is  not  so  intricate  and,  consequently,  not  so  liable  to  defects. 

French  easements  are  folding  casements  and  windovrs,  which  answer 
the  purpose  of  doors  as  well,  being  continued   down  to  the  flooi-liiK. 


Fig.  747  is  an  elevation,  and  fig.  748  a  section  of  one.  The  details  m 
jambs,  meeting  styles,  heads,  and  sills,  are  similar  to  those  of  ordinary  folding 
casements ;  but  these  have  to  be  thicker,  3  j  inches,  and  each  caseniei» 
is  more  like  a  sash-door  with  diminished  or  gunstock  styles ;  and  «ba* 
the  glass-panel  is  very  long,  a  low  panel,  like  that  of  a  door,  is  framed*' 
the  bottom,  to  lessen  it,  as  fig.  747. 

ffii  and  miss  casements  are  those  used  for  larm  buildings,  etc,  as  ^P- 
749  to  752,  the  top  part  being  glazed  between  moulded  bars,  stumP^ 
into  head  and  transom ;  and  the  lower  part  consisting  of  upright  sUt^ 
with  alternate  spaces  framed  into  transom  and  sill  outside,  with  slatt^ 
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H  framing  within,  which,  being  moved  aside  two  or  three  inches,  either  ope 

H  or  closes  the  alternate  spaces  between  the  single  slats  outside.    One  pi 

H  shows  the  slatted  frame  moved  aside,  so  that  the  holes  are  open,  and  t 

■  other  plan  shows  them  shut. 
^h  T^oo-light  iolid  frames  s.\^  those  which  have  a  sohd  mullJon,  whidi 


n 

ri' 

L 


ftg.  «6 

treated  like  a  double  jamb,  as  at  A,  fig.  753 ;  but  they  may  also  be  ma 
two-light  by  a  transom,  one  ilight  above  and  one  below  it,  as  fig.  754  ;  I 
transom  being  in  section  similar  to  fig.  755,  which  is  for  both  casemei 
made  to  open  outwards. 

It  will  be  understood  that  the  section  of  the  transom  varies  i 


Mb 


s^  il^l 
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I  *«, where  the  top  and  bottom  lights  differwithregard  to  their  opening  and 
'^1^.  From  the  various  illustrations  given  in  these  notes  the  student 
■"^t  to  be  able  to  draw  them  to  suit  any  requirements. 

fovr-Sght  casements  and  frames  are  generally  made  by  a  mullion  and 
'^'isoiii,  which  divide  die  opening  into  four  spaces,  as  fig.  756. 
Sometimes  the  casements  are  }mng  folding  in  solid  firame,  in  which 
'^  the  section  of  the  meeting  or  locking  styles  is  made  as  fig.  757  ; 
h  is  occasionally  treated  as  fig.  758. 
^t  has  been  proved  that  it  is  a  great  advantage  to  make  the  rebates  on 


J»(I          ■ 

#-7 

Tnff^ 

; 

\ 

^ 

cc^ 

i. 

1 

F(  J.  762 

(he  solid  dames  and  the  side  of  the  hanging  style  of  tne'casements,  as 
fiS-  TS9— »'«.,  on  the  splay ;  the  contention  being  that  the  joint  fits  better 
^  tighter,  without  any  liability  to  knock  the  edges  oif  the  styles  when  the 
Ment  opens,  as  shown  by  the  comparison  of  figs.  760  and  761.  The 
I  Mto  edge  of  the  style  gets  away  quicker  in  the  one  case  than  in  the  other. 
Borrowed  Llghta,  of  which  the  object  is  to  give  light  from  one  room 
>  mother  which  has  no  external  walls,  consist  of  a  plain  sash,  rebated 
vA  fixed  into  a  plain  lining,  of  the  thickness  required  by  the  walls. 
The  lining  goes  all  round  the  opening,  as  fig.  76a,  but  a  little  wider  at 
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the  bottom,  to  form  a  window-board,  which  takes  the  place  of  the  archi- 
trave on  the  jambs  and  head. 

Water  bars,  of  iron  or  brass,  of  different  sections,  are  often  fixed  ta 
the  bottom  or  end  of  casements,  as  fig.  763,  which  is  only  one  of  the  inanj 
equally  efficacious  patented  methods  for  keeping  out  driving  rain. 

Weather  boards  are  another  means  of  throwing  the  water  c^  die 
bottom  of  casements.  They  are  of  wood,  and  similar  in  secUoa  to  Gg  764, 
being  tongued  into  the  bottom  rail,  or  housed. 

Window  FiniahingB.— The  finishings  to  cased  and  sobd  frams 
being  alike,  the  student  must  understand  that  the  vanous  franunff^ 
mouldings,  etc.,  explained  in  this  chapter  equally  apply  to  both  kjndi 
of  windows,  although  each  kind  of  work  will  be  shown  in  connection 
with  a  cased  frame. 


L^     & 


Fig  TO*. 


Fig.  765 


In  common  work,  where  the  back  of  the  window  frame  finishes  flush 
with  the  face  of  the  plastering,  the  only  finishings  required  are  a  window- 
board  at  sill  line  and  an  architrave  up  the  jambs  and  across  the  head 

i'"'g-  765  represents  a  jamb,  and  fig.  766  the  head  and  sill  of  a 
window,  treated  as  above. 

It  will  be  noticed  that  the  architrave  is  fixed  to  "  plugs,"  grounds 
being  seldom  used  to  ordinary  windows ;  and  the  window-boaid  i^ 
grooved  into  the  oak  sill. 

Window-boards  have  rounded  nosings,  as  fig.  766 ;  or  they  we 
moulded  with  a  bed-mould  underneath  them,  as  fig.  767,  in  betiei 
work. 

Architraves  may  be  single  or  double,  the  single  being  as  shown  on 
figs.  765  and  766;  and  the  double-faced  {fiv&  proper  term)  are  as  fig.  1^ 
consisting  of  two  separate  moulded  members. 

When  the  sash  frame  does  not  take  up  the  whole  depth  of  the  jamb 
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nings  have  to  be  employed  to  make  a  finish  up  to  the  face  of  the 
tasteied  wall,  and  the  window-boards  have  to  be  widened,  as  figs.  769 
nd  770. 


The  window  jamb  hnings  are  grooved  mto  the  inside  linings  of  the 
"ines,  and  fixed  to  backings,  B,  which  are  secured  to   plugs  in  the 

"Hie  wmdow  board,  being  of  increased  width,  also  requires  backing 
sndemeath,  as  shown'. 


Ail  backings  should  be  no  more  than  3  feet  apart 

Sometimes,  in  these  wider  walls,  the  brick  or  stonework  is  left  out 

Ixtween  the  jambs,  beyond  the  back  of  the  frame,  from  the  window 

(D  to  the  floor  hne,  as  fig.  771,  in  which  case  the  jamb  linings  of 

he  windows  last  described  are  continued  down  to  the  floor,  and  called 
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eldow  linings  below  sill  level ;  and  this  finishing  of  course  dispense 
wiih  the  wide  window-board,  the  narrow  nosing  (figs.  765  and  766 
being  again  brought  into  requisition ;  and  beneath  it,  instead  of  plaster 


we  have  wood  panelling,  called  window  backs,  from  beneath  the  windoi 
board  to  the  floor-line ;  the  skirting,  as  around  the  room,  covering  the  1q 
or  styles,  which  run  down  as  explained  in  fig.  774  (for  dadoes). 
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Fig.    773  represents  a  plan,  and  fig.   774  a  section  of  a  window 
Teated  and  finished  00"  in  this  way. 

From  the  front  devation,  fig.  773,  the  window  back  will   be  seen 


to  consist  of  a  panelled  framing  about  ij  inch  thick,  flush  at  the 
back  and  fixed  to  grounds,  as  G  on  section,  fig.  774.  The  front  of  the 
pfw*ii«>H  framing  may  be  plain,  chamfered,  or  moulded  to  any  design, 
and  the  usual  method  a  to  show  the  window  backs  by  dotted  lines  on 
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the  plans,  as  fig.  772.     The  jamb  and  elbow  linings  combined  are  fat 


on  the  splay,  as  fig.  775,  when  they  aie  called  splayed  iinitig,  the  ] 
of  course  rcmainingyfii/. 


WINDOWS  AMD  WINDOW  FINISHINGa 


Linings   are   tongued  at  their  top  angles,  just   as  door  linings  ot 

igs,  to  join  the  horizonul  to  the  vertical  portions. 

lintfa  blocks  or  bases,  P  B  (fig.  775),  are  often  put  at  the  bottom 


up  agains^  as   well 


SecUon. 

Fi^  nr 
chitraves,  as  shown,   Tor  the  skirting  1 
r  appearance. 

.ininga,  in  the  best  work,  are  often  panelled,  whether  square  or  on 
,  the  sofSts  also  being  treated  In  the  same  manner.  Figs.  776 
777  will  fully  explain  all  matters  in  connection  therewith ;  though 
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it  may  be  well  to  remark  that  that  part  of  the  lining  called  the  ti 
should  be  made  to  range  with  the  panels  of  the  window  bacfes,  i 
the   window    nosing  returned   round    it  in   the  shape  of  a  fiush-t 


(fip.  777),  because  the  architrave  would  not  allow  of  the  board  i' 
being  returned. 

In  designing  wmdow  fimshmgs  the    blinds  should  always  be  Ix 
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a  mind,  and  spaces  left  on  each  side  the  window  and  above  the  head 
or  them;  and  it  will  be  noticed  that  provision  has  been  made  for 
hem  in  every  case  hereinafter  illustrated  and  explained. 

ShutterSy  as  applied  to  the  internal  finishings  of  a  house,  are  of 
vo  kinds — boxing  shutters,  and  lifting  or  sliding  shutters,  their  object 
eing  to  give  greater  security  and  warmth  at  night. 

Boxing  shutters  are  also  called /o/ding  shutters,  because  they  fold  back, 
ito  one  or  two  leaves,  into  the  "  boxings  "  which  are  made  for  them  where 
le  jamb  linings  are  usually  fixed. 

The  first  thing  to  be  done,  according  to  fig.  778,  is  to  leave  a  space 
»  the  "  blinds  "  all  the  way  round  the  window  by  "  blocking-out "  (as 
hown  by  B  S  on  all  the  drawings),  and  to  this  member  the  shutters 
re  hung.  To  the  left  of  the  blind  fillet  we  get  a  plain  side  of  the 
K)xing,  blocked  out  from  the  wall  to  the  face  of  the  blind  space  or 
Het;  and  into  this  is  tongued  the  back  lining  of  the  boxing,  which  is 
enerally  panelled,  moulded,  and  fixed  to  backings  like  a  jamb  lining, 
because  it  is  visible  when  the  shutters  are  unfolded  to  cover  the 
indows.  The  other  end  of  this  back  lining  is  tongued  into  a  wide 
moulded  ground,  which  is  securely  plugged  to  the  brickwork,  and  in 
ddition  to  its  own  work  forms  a  rebate  for  the  front  shutter  and  part 
f  the  double-faced  architrave  (as  Z),  on  which  the  other  member  of 
le  architrave  is  fixed. 

Having  completed  the  boxing  according  to  plan,  the  shutters  (which 
re  usually  i^  or  i^  of  an  inch  thick)  only  have  to  be  put  in,  and  the  front 
Gutter  is  panelled,  moulded  on  the  face  exposed  in  the  daytime,  to  the 
^e  design  as  the  window  backs,  soffits,  elbow  linings,  and  other  work 
1  connection,  and  the  hinder  side  of  it  is  generally  made  "  bead  butt,"  as 
i  also  the  same  part  of  the  back  fiap  or  other  shutters,  which  are  exposed 
J  night  when  the  shutters  are  unfolded.  The  other  part  of  the  back 
^  is  left  square-framed. 

The  edges  of  the  styles  of  all  shutters  and  back  flaps  are  rebated 
^t  alternately,  so  that  when  they  are  unfolded  they  fit  together  and 
(>nn  one  surface,  with  no  spaces  at  the  joints,  as  they  would  if  they 
•^  square-jointed. 

The  elevation  of  the  shutters  is  exactly  the  same  as  the  jamb  linings 
^  a  window,  and  the  soffits,  window  backs,  and  elbow  linings  are  made 
^  used  in  the  ordinary  way ;  in  fact,  a  window  with  shutters  is  not 
^plete  without  them. 

It  is  unnecessary  to  explain  and  illustrate  these  matters  again.  The 
'Nent  must  look  back  to  the  part  of  this  chapter  concerning  them  if 
^  still  requires  any  information. 

It  may  be  as  well,  however,  to  give  a  section  through  the  head, 
%  and  bottom  of  the  boxing,  and  also  to  show  the  sill  and  the  mode 
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of  dealing  with  the  bottom  of  the  shutters  at  vindow-bcerd  level,  t 
allow  of  the  space  for  blinds  when  the  shutters  are  in  use  (vidt  % 
779,  780,  and  781). 


Pari  Sectional   Etevalmn 


Part  EleralioB 
snaring  Shutters  at«* 
FiqjaO         I'ScM 


At  the  top,  as  fig.  779,  the  styles  of  the  soffit  run  throi^h,  andtf 
irregular  piece  of  wood  about  J  an  inch  thick,  beaded  on  the  fron' 
edges,  is  nailed  underneath  them  to  lower  the  top  oT  the  shutters,  so 
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tiiat  when  the;  sre  unfolded  their  tops  do  not  touch  the  undeiside 
of  the  soffiL  The  bottom  is  treated  in  a  similar  way,  to  prevent  the 
shutters  from  iciatchmg  the  window-board. 


The  secUon  of  the  sill  (fig  781)  will  explain  how  the  shutter 
Wtoms  are  treated  there,  to  allow  of  stopping  in  front  for  blind  space. 
In  very  thick  walls  the  shutters  are  often  made  square— /.«.,  at  right 
agles  to   the  windows    in    lieu  of  on   the  splay,  as    fig.   778,   which 


r 


«w  common  way  in  ordinary  walls.     Fig.  782  gives  a  plan  of  such 
''^od,  and  it  is  needless  to  give  any  other  details,  as  they  are  similar 
those  already  given. 
In  thitmer  vralls,  where  there  is  no  room  for  shutters  of  ordinary  and 
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reasonable  widths,  the  boxings  have  to  be  blocked  out  beyond  the  fact  of 
the  plastered  walls,  as  fig.  783  for  splayed  shutters,  and  fig.  784  focsquiit 

shutters. 


Another  method,  as  fig.  785,  is  to  throw  a  wide  flap  back  ( 
of  the  wall,  the  joint  between  the  small  and  large  parts,  at  X,  being  called 
a  ruk  joint,  on  account  of  its  similarity  to  the  joint  of  a  i-foot  rule ;  and 
they  are  treated  as  mullions,  as  fig.  786,  where  they  do  not  want  projet 
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ings(as  in  figs,  778,  783,  aad  784).  It  will  be  seen  on  fig.  786  tha 
I  lite  mullion  must  be  wide,  so  ihat  the  shutter  and  back  flap,  which  are  hunj 
J  to  the  blind  space,  can  be  got  into  a  small  boxing  blocked  out  on  the  right 
I  land  side  by  a  moulded  upright  to  which  the  front  boxing  flap  is  hung 
'  and  when  the  shutters  are  out  and  in  use  a  small  blocking,  A,  hinged  tt 
I  the  left  blind  space  (smaller  than  the  right),  is  brought  out  to  receive  thi 
bock  of  the  boxing  flap,  and  make  a  complete  ornamental  boxed  mullion 
as  if  the  shutters  were  not  in  use  and  formed  it. 

folding  or  boxing  shutters  are  sometimes  made  in  two  heights,  thi 
joiot  being  at  the  meeting  tail  level  of  the  sashes ;  and  where  th^  are  i 


one  height  a  flush  bead  is  often  worked  on  them  at  that  level,  as  X,  on 
fig.  787,  which  may  either  represent  a  flush  bead  or  a  beaded  joint. 

From  the  preceding  illustrations  and  explanation  the  student  will  have 
noticed  that  the  back  flap  is  narrower  than  the  shutter,  and  only  one 
back  flap  has  been  shown  on  this  illustration ;  but  more  may  be  added, 
according  to  the  size  of  the  window,  to  be  covered  by  shutters  from  two 
boxings,  one  set  on  each  jamb.  Still,  it  is  always  better,  where  possible, 
lo  have  wider  shutters  and  back  flaps,  and  less  of  them  in  number,  as  the 
more  there  are  the  more  likely  they  are  to  get  out  of  order.  At  best  they 
are  often  very  awkward  and  troublesome. 

In  setting  out  this  kind  of  shutter  great  care  must  be  taken  that  the 
rebates  are  in  pairs,  one  to  fit  the  other — not  forgetting  the  meeting  stylea 
of  the  sets  from  each  jamb.  It  is  always  of  advantage  to  leave  as  mudt 
space  as  possible  between  the  shutter  and  back  flaps,  when  in  the  boxing. 
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lo  make  room  for  the  shutter  bar,  etc.,  which  is  secured  to  the  back  of  the 
shutter. 

Shutters  are  hung  by  small  special  butts,  called  back  flaps,  fixed  about 
3  feet  apart  up  the  styles,  the  complete  set  of  :>hutters  (when  unfolded! 


being  held  logeiher  in  position  by  the  shutter  bar,  which  stretches 
from  behind  the  back  of  the  hack  flap  of  each  jamb,  as  fig  788,  ind  is 
secured  to  one  shutter  by  a  loose  joint,  to  fill  down,  when  not  required, 
at  A ;  and  let  into  the  other,  at  B,  when  in  use 

The  other  kind   of  shutters,   for  internal   windows    though 
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commonly  used  as  the  "  boxing  "  shutters,  is  the  lifting  or  sliding  shutten, 
which  are  framings  the  whole  nidth  of  the  window,  enclosed  and  hung 
in  cased  frames  similar  to  sashes.  When  not  in  use,  they  are  made  to 
slide  down  the  casings  into  a  well,  formed  for  them  between  the  back 
of  the  window  back  and  the  wall,  as  shown  on  fig.  791,  the  loprails  being 
then  just  below  the  window-board,  which  is  fitted  so  as  to  act  as  a  flap. 
The  cased  boxings  are  made  up  the  jambs  of  the  windows  from  under- 
neath the  soffii-lining  to  the  bottom  of  the  well  below  the  window-board, 
and  often  below  the  floor,  as  shown. 

Fig.  789  is  a  plan  of  this  kind  of  shutter,  fig.  790  an  elevation,  and 
fig.  791  a  section. 

On  account  of  the  heavy  weights  of  the  shutters  (which  are  about 
1 1  or  \\  inches  thick),  lead  weights  are  used  instead  of  the  iron  weights 
generally  used  in  sash  frames,  and  cords  are  fixed  to  work  them.  The 
only  fittings  and  fastenings  required  for  these  shutters  are  the  rings  in  the 
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top  of  the  loprails,  to  lift  them  up,  and  a  screw  to  connect  the  two  leaves 
together,  where  they  meet  in  position,  as  fig.  791.  The  window-board, 
used  as  a  flap,  is  hung  with  small  butts,  and  lifted  up  by  a  flush  ring. 

Sometimes  interna!  shutters  are  made  to  slide  laterally,  though  they  arc 
seldom  met  with  now.  They  are  worked  on  the  same  principle  as  sliding 
doors  and  casements,  to  which  the  student  must  refer,  the  only  difference  being 
the  lightness  of  the  framing  for  shutters  as  compared  with  that  for  doors. 

External  shutters,  whether  for  houses  or  shops,  are  now  almost  obso- 
lete ;  but  it  may  be  as  well  to  say  that  house  shutters  are  folding  framings 
the  same  height  as  the  windows,  each  fold  being  secured  by  parlianunt 
hinges  to  the  outside  lining  of  the  sash  frames,  and  thrown  by  them  out- 
side the  brick  reveal,  as  fig.  792. 

Shop  shutters  consist  of  numerous  narrow  panelled  framings,  aboui 
15  inches  wide,  the  same  height  as  the  window ;  and  they  can  be  remoTed 
and  put  in  position  one  by  one  at  pleasure.  They  are  secured  by  mortisO 
in  the  bottom  of  the  shutters,  which  go  on  to  small  dowels  fixed  on  tbe 
window  sill. 


CHAPTER  XIX. 

WOODEN    STAIRS. 

Stain  and  Staircases — Definition  of  Terms  and  Rules — Kinds  of  Stairs— 
Construction  of  Stairs  and  Details — Handrails. 

Stairs  and  Staircases. — Stairs  are  the  means  by  which  ascent  or 
descent  is  made  from  one  level  (or  floor)  to  another.  They  can  be  made 
of  stone,  iron,  concrete,  or  wood;  but  it  is  only  intended  to  deal  with 
wooden  stairs  in  this  chapter. 

The  stairs  themselves  are  built  up  of  a  continuous  range  of  light  boards, 
grooved  and  tongued  together,  and  arranged  in  horizontal  steps  rising  one 
above  the  other  in  a  raking  line  drawn  from  the  bottom,  or  starting-point, 
to  the  top  or  place  where  it  is  required  to  land 

The  ends  of  these  boards  or  steps  are  connected  to  stouter  boards, 
pitching  from  the  bottom  to  the  top  to  the  raking  line  just  alluded  to ; 
and  they  are  often  supported  in  the  middle,  as  will  be  explained  more 
fioUy  hereinafter. 

This  structure  of  boards,  etc.,  called  stairs,  connecting  the  dififerent 
floors  together,  is  enclosed  in  a  staircase^  which  is  either  a  specially 
built  diambefy  or  a  space  or  part  of  a  larger  apartment  set  aside  for  the 


When  the  latter  is  the  only  provision  made  for  containing  the  stairs,  the 

floors  and  ceilings  have  to  be  trimmed,  as  fig.  793,  in  order  to  provide 

beadway,  and  allow  of  communication  between  the  stairs  and  the  higher 

floor  levels,  with  which  the  stairs  themselves  are  the  means  of  communica- 

tioD. 

It  is  needless  to  say  that  there  are  numerous  kinds  of  wooden  stairs, 

differing  from  each  other  in  principle  and  in  form,  but  alike  in  general 

^^ttail,  although  the  mouldings  and  mode  of  treatment  may  dififer  a  little 

However,  before  entering  into  these  details,  or  going  into  an  explanation 

of  the  different  kinds,  it  will  be  as  well  to  acquaint  the  student  with  the 

'leaning  of  the  different  terms  and  rules  applied  to  stairs  in  general. 
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Definition  of  TemiB  with  Rulea.— The  ireaj  is  the  flat  horimniil 
surface  of  the  step  on  which  the  foot  is  placed  (distinguished  by  Ton  tit 
illustration,  fig.  794)- 

The  riser  is  the  vertical  face  of  the  step,  or  the  upright,  R,  which  coo 
nects  the  back  of  the  lower  tread  with  the  front  of  the  upper  one. 

The  nosing  is  the  edge  of  the  tread,  which  projects  beyond  the  (act  of 


the  riser ;  it  is  usually  rounded,  and  somedmes,  by  means  of  a  small  hoik* 
fillet  planted  underneath,  it  is  made  moulded  (as  shown  in  fig.  794). 

Newels  (N)  are  the  vertical  posts,  either  square,  moulded,  or  lunwl, 
which  connect  the  handrails  and  strings  of  different  flights  together.  The 
riser  of  the  top  or  bottom  steps  is  always  housed  into  the  centre  of  '^ 
newel  at  their  various  heights. 


A  stair  generally  starts  with  a  newel  where  there  is  no  wall  to  re«i*    ■ 
the  ends  of  strings,  handrails,  etc.,  whether  it  be  at  the  top  or  bottom,!" 
each  of  which  cases  the  newels  are  a  convenience  and  an  ornament 

The  strings  (S  T)  are  the  "  walls "  of  the  treads  and  risers  of  the  staiB- 
EUch  step  is  housed  into  the  strings  at  both  its  ends,  the  String  runnii'S 
from  newel  to  newel,  or  from  floor  to  floor  at  the  inclination  of  the  sttiR 
and  parallel  to  the  line  of  nosings  and  the  handrail. 
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The  handrail  (H)  is  a  rounded  or  moulded  rail,  fixed  above  and  parallel 
to  the  string  along  the  walls,  or  from  newel  to  newel,  for  the  convenience 
and  aid  of  persons  using  the  stain.  It  should  be  of  such  a  section  that  it 
can  be  easily  and  comfortably  grasped  by  the  person  ascending  or  descend- 
ing the  stairs. 


SahuUrs  (B)  are  the  light  upright  posts  or  bars  supporting  the  hand- 
xnls  between  the  newels,  from  the  treads  of  the  steps  or  string,  and  they 
am  be  square,  moulded,  or  turned. 

A.Jiight  is  the  series  of  continuous  treads  or  risers,  or  steps,  inclining 
from  one  landing  to  another,  or  connecting  the  different  floors,  if  there  are 
no  landings. 

A  landing  is  the  flat  space  or  floor  at  the  top  of  the  stairs. 

A  half-^aa  landing  is  a  similar  flat  resting  space  between  two  flights. 


one  of  which  returns  upwards  in  a  direction  opposite  to  the  other,  which 
goes  down,  as  figs.  795,  796.     It  is  generally  the  width  of  the  two  flights. 

A  quarUrspact  is  a  landing  half  the  size  of  the  last-named,  and  extend- 
ii^  across  one  flight  only,  the  riser  of  the  upward  flight  being  at  right  angles 
to  that  of  the  downward  one  (fig.  797). 

The  go  or  goi)^  of  a  stair  is  the  distance  from  riser  to  riser,  and  the 
"  rise  "  is  that  from  tread  to  tread. 

'V^pingaia.  "flight"  is  the  distance  from  first  to  last  riser,  between 
landings,  or  between  the  bottom  and  top  of  the  stair. 
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Flitrs  are  the  ordinary  steps,  rectangular  in  tread  or  [dane;  wfailc 
winders  are  these  of  triangular  form,  which  are  employed  in  tunttng 
comers  or  curves. 

Curtail  sUps  are  those  generally  at  the  bottom  oT  a  flif^t  or  suir, 
which  have  one  circular  end  to  tread  and  riser ;  and  in  the  centre  of  die 
tread  the  newel  is  placed,  as  fig.  797A,  the  other  end  of  the  step  btii^ 
housed  to  the  wall  string  in  the  ordinary  way. 


ng.ia*- 


Kg.797.* 


Bull-nosed  steps  are  similar  to  the  latter  in  form  and  use,  but  the  oid 
is  only  about  a  quarter  of  a  circle  in  contrast  to  a  "  curtail "  {vide  fig' 
797B). 

It  will  be  readily  understood  that  the  success  of  a  stair  depends  on  ihe 
convenience  and  ease  with  which  it  can  be  ascended  or  descended—"^. 
the  go  and  rise  of  the  step  must  be  of  suitable  dimensions,  and  lii' 


flights  short  (i.e.,  of  no  n;ore  than  a  dozen  steps)  between  a  landing,  h*" 
or  quarter  space,  on  which  to  rest  if  necessary.  ] 

Various  rules  have  been  drawn  up  to  regulate  the  width  of  the  tread  « 
"  go,"  in  proportion  to  the  rise  of  the  risers ;  but  the  writer  consider  tW 
the  following  scale  of  proportion  gives  the  most  comfort  and  ease  to  the 
user  of  the  ordinary  stair,  while  it  is  also  a  simple  one  for  the  student  to 
remember. 

Take  9  inches  wide  for  the  tread,  and  7  inches  high  for  the  rise  of  lli' 
riser,  as  the  standard  or  basis ;  and  accordingly  as  the  tread  increases  « 
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«    s 


ilfftfM^ 


width  per  tnch^  deduct  or  add  ^  inch  in  rise  respectively, 


A    5-inch  tread  should  have  a  9-inch  riser. 
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Another  rule  is  that  the  "  product "  of  width  of  the  tread,  multiplied 
y  the  height  of  the  riser,  should  equal  66  inches,  which  will  be  found 
^  3gree  nearly  enough  with  the  above  table,  which  1  have  given. 

Of  course  it  will  be  understood  that  these  dimensions  cannot  always 
^  carried  out  to  the  letter,  on  account  of  the  varying  circumstances, 
j^gths,  and  heights  met  with  in  practice  ;  but  the  principle  can  be  always 
^^e  in  mind,  and  regulated  to  the  individual  requirements. 

The  width  of  the  stair  or  length  of  the  step  is  also  subject  to  variation, 
^  the  different  positions  and  circumstances,  but  they  should  never  be 
*^  than  2  feet  9  inches  or  3  feet  for  ordinary  use  ;.  and  it  is  better  that 
^^  should  be  of  such  a  width  that  two  persons  can  pass  each  other  on 
''^  flight  with  ease. 

In  winding  stairs,  or  places  where  there  are  winders,  the  full  width  of 
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the  tread  in  proportion  to  the  rise  should  be  placed  where  a  peison  wodd 
put  his  feet  when  he  is  grasping  the  handrail  in  ascending  or  descending 
the  stair;  that  is,  about  i8  inches  from  the  centre  of  the  handrail,  or  string. 
Kinds  of  Stairs. — A  straight  stair  is  that  on  which  the  peram 
ascending  moves  up  in  the  same  forward  direction  from  bottom  lo  top, 
as  figs.  798,  799,  and  800,  in   plan,  section,  and  elevation.     This  is  a  very 


1  form  of  Stair,  though  it  takes  a  considerable  length  of  space  in 
proportion  to  the  height  to  be  attained ;  and  on  the  other  hand,  it  onlj  1 
takes  up  half  the  width.     It  is  a  very  tiring  and  inconvenient  stair  irhen   ! 
ihere  is  a  considerable  distance  to  ascend. 
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Figs.  801,  801,  and  803  represent  the  same  class  of  stair  with  mndo* 
at  the  bottom,  which  create  a  saving  in  the  length  of  the  staircase,  ani 
when  at  either  bottom  or  top,  necessitate  the  starting  place  or  landing 
being  almost  at  right  angles  to  the  stair  itself. 

Winders,  though  of  common  occurrence,  are  an  inconvenient  defect  in 
a  stair,  and  should  always  be  avoided  as  much  as  possible.    Straight  stun 
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uy  have  a  landing  in  their  length,  to  break  the  flight,  and  as  a  resting 
lace ;  but  it  seriously  increases  the  length  of  the  staircase. 
Deg^g^d  stairs  are  the  first  improvement  on  the  lattn-,  inasmuch  » 
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I9  Ibem  tbe  distance  to  be  acf^nHw^  is  divided  into  two  Aights  with  a  half- 
We,  or  two  quarters  connected  by  one  riser,  between  each  flight,  as 
^  804,  80s,  S06,  807,  808, 'and  809.    It  will  be  seen  that  the  length 
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of  the  staircase  is  considerably  reduced,  while  its  width  is  increased ;  also 
that  the  outer  string,  carrying  the  outer  ends  of  the  steps  of  one  flight,  ii 
exactly  above  that  of  the  other  flight,  leaving  no  opening  or  well  hok,as 
it  is  called,  between  them.     It  is  in  this  kind  of  stair  that  the  newel  is  first 
used,  its  object  here  being  to  receive  the  top  end  of  the  string  and  hand- 
cail  of  the  one  flight,  and  the  bottom  ends  of  the  other,  or  top  flight    The 
newels  are  generally  square  pieces  of  wood,  but  sometimes  turned  or  other- 
wise ornamented.      Figs.   8io  and  8ii    represent   the  common  square 
newel  (used  in  figs.  807,  808,  and  809),  which  receives  the  strings  of  both 
flights,  one  over  the  other,  on  the  first  side,  the  risers  of  the  bottom  and 
top  step  of  the  alternate  flights  on  the  second  and  fourth  sides,  and  the 
riser  (X,  fig.  811)  on  the  third  side,  when  there  are  two  quarter-spaces  in 
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lieu  of  the  half-space  landing.  The  newel  reaches  in  length  from  the 
floor  below  to  a  little  above,  where  it  receives  and  supports  the  handrail  d 
the  top  flight. 

Sometimes,  in  dog-legged  stairs,  the  quarter  and  half-spaces  are  com- 
pletely taken  up  by  winders ;  but  this  should  always  be  shunned  as  a  most 
serious  defect  and  danger. 

The  open  newel  stair  differs  from  the  foregoing,  in  that  it  has  a  well  hole 
between  the  strings  of  the  two  flights,  necessitating  the  use  of  two  newels  in 
lieu  of  the  one  at  the  junction  ;  while  it  allows  of  one  tread  and  two  risers 
between  the  two  quarter-spaces,  as  in  figs.  812,  813,  and  814. 

This  is  a  convenient  form  of  stair,  though  it  takes  a  wider  staircase  than 
the  last ;  but  this  is  more  than  counterbalanced  by  its  utility,  for  which 
reason  it  is  most  generally  used  in  decent  work.  Still,  its  principles  can 
be  misused  by  the  addition  of  winders  in  the  quarter-spaces,  as  in  the  last 

A  geometrical  or  wreathed  stair  is  one  which  has  no  newels.     It  requiJ^ 
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tbontthe  same  leng^  of  suircase  as  a  "d<^-Iegged'' or  "open  newel" 
itai'r,  but  is  perhaps  a  little  wider  than  the  latter.  The  principle  of  the 
flnr  is  die  continuous  string,  stretching,  or  inclining,  as  it  does,  from 
bottom  to  top,  around  a  well  hole,  with  a  half-round  comer  (still  on  the 
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incline),  where  the  newels  of  the  open  newel  stair  have  been  dispensed 
with. 

It  has  no  landings  or  quarter-spaces,  but  is  one  continuous,  convenient, 
and  comfortable  ascent,  the  winders  converging  to  points  inside  the  well 


/m/m 

1 
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'"^e,  and  thus  giving  a  wide  tread,  at  a  very  short  distance  from  the 
*Katbed  string  and  handrail.  Figs.  815,  816,  and  817  give  plan,  section, 
"Id  elevation  of  such  a  statr. 

Having  explained  the  different  kinds  of  stairs,  it  now  only  remains  to 
c^iUin  the  detaik  which  may  be  said  to  be  applicable  to  all  the  foregoing 
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kinds,  although  there  are  extra  members,  and  different  forms  and  details 
of  them,  peculiar  to  the  more  elaborate  kind  of  stair. 

Construction  of  Stairs.— Fig.  8i8  is  a  section  of  the  treads  and 
risers  of  a  common  narrow   stair  between  two  walls.     The  treads  ha« 


rounded  nosings,  and  are  grooved  and  tongued  to  the  risers,  glued  together, 
blocked  and  housed  into  the  strings,  and  wedged  up  finally. 

IP'inders  are  similar  in  detail,  but  their  section  depends  of  course  upon 
where  it  is  taken,  and  which  wide  or  narrow  part  of  the  tread  it  cuts  through, 
as  AB  or  CD,  fig-  819,  the  latter  of  which  cuts  the  risers  when  dose  together. 
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Both  of  the  strings,  in  this  case,  being  nail  strings,  their  sections  will 
be  similar  to  fig.  Sao,  which  is  a  section  on  line  AB  in  fig.  81S.  The 
string  is  housed  out  for  each  end  of  a  step,  with  its  wedges  to  riser  and 
tread,  as  fig.  831,  in  elevation. 


Where  strings  meet  at  right  angles  they  are  either  grooved  and  tongued 
together,  or  dovetailed ;  and  where  there  are  winders,  at  either  corners, 
or  jcnctions  of  raking  with  straight,  they  are  eased  ofT,  as  X,  figs.  822 
and  833,  which  are  called  ramps. 
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In  better  stairs,  the  section  of  treads  and  risers  is  as  fig.  824,  from  I  ^ 
which  it  will  be  gathered  that  the  strings  are  deep,  being  11  inches  in  lid  |p^ 
of  9  inches,  and  the  nosings  moulded,  the  small  hollow  fillet  being  hoosd' 
into  the  underside  of  the  tread,  and  dispensing  with  the  tongue  on  the  top 
of  the  riser.  And  in  addition  to  the  gluing,  blocking,  housing,  and  wedging 
to  strings,  where  the  steps  are  wide,  they  have  an  extra  support  in  the 
form  of  a  rough  bearer  called  a  carriage^  which  inclines  from  bearing  to 


FiqS2^ 


^ross  Sect  ton 
Fjg.826. 


Fig,  827. 


bearing,  parallel  to  the  string  supporting  the  under-side  junction  of  treads 
and  risers  in  the  centre  of  the  stair,  as  figs.  825  and  826.  This  also  entails 
additional  depth  of  string,  as  X,  the  top  dotted  line  representing  where  the 
underside  of  the  string  would  have  been  without  the  carriage. 

Oftentimes  a  further  addition  to  the  "  glued,  blocked,  housed,  wedged, 
and  supported  by  fir  carriages,"  is  made  by  screwing  shaped  brackets  on 
to  the  side  of  the  carriage  to  support  the  treads  of  the  steps,  as  fig.  827,^6 
carriage  only  being  a  help  to  the  risers  and  the  stair,  as  a  body.  (See  also 
section,  fig.  828.) 
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When  each  flight  of  stair  has  not  a  wati  on  each  side  of  it  for  wall 
ings,  the  other  string,  which  is  not  against  a  wall,  is  called  an  outer 


ng-  Consequently,  it  must  be  stouter,  and  more  ornamenUl  and  taking 
the  eye  on  the  outside,  as  fig.  830,  which  shows  handrail,  etc,  in 
vation,  fig-  831  being  a  plan  of  the  same.    The  string  is  as  fig.  839 
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in  section,  or  it  may  be  more  elaborate  still,  and  consist  of  string,  S; 
capiHi^,  C ;  and  fascia,  F ;  as  fig.  832. 

Strings  should  always  be  tongued  at  headings,  and  either  grooved  and 
tongued,  or  dovetailed,  at  all  angles,  housed  into  the  centre  of  all  nt*tk, 


Fig.aai. 


and  pinned  in,  as  in  fig.  833.     If  they  are  moulded  the  housing  has  to  be 
scribed  for  the  mouldings  to  fit  in  as  well. 

Handrails  are  also  scribed,  housed,  and  pinned  to  all  newels,  and  sbon'ii 


be  fixed  2  feet  8  inches  above  each  tread,  measured  in  a  line  from  the  fW 
of  the  riser,  as  fig.  834.  On  landings  and  flat  places  they  should  be  3  f^ 
I  inch  high.  Fig.  835  presents  a  rounded  or  mopstick  handrail  in  section 
fig.  836,  a  moulded  handrail ;  and  fig.  837,  a  toadsback  moulded  handni'' 
so  called  because  of  its  flat  curved  top. 
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balusters  are  housed  into  the  strings  and  handrail,  as  shown 
but  sometimes,  especially  when  of  iron,  they  are  connected 
r  by  an  iron  core,  which  is  secured  on  to  the  top  of  them,  as 
,  and  the  core,  in  its  turn,  ts  let  into  and  screwed  to  the  underside 
Landrail,  as  fig.  840. 


fi'S-SST  ftg,63i 


andrail  should  always  have  a  curved  top  face  and  no  arrises,  and  be 
a  size  that  it  can  be  easily  grasped.  Fig.  83S  is  a  section  of  one 
:  for  a  winding  geometrical  or  wreathed  stair. 
ilk  are  generally  cut  out  of  square  stuff,  and  either  left  square, 
d,  or  turned.  They  are  the  mainstay  of  the  stair  and  the  connecting 
tween  the  flights,  as  every  string  should  be  framed  and  pinned  into 


1 


F.g.a^O  Fig.a-tl  Fig  a-*2 


id  the  risers  of  the  steps  next  to  them  ought  always  to  be  housed 
ir  centre,  as  previously  shown. 

^n  newels  are  not  framed  at  both  ends,  from  floor  to  floor,  they 
her  rounded  or  turned  tops,  when  their  foot  is  framed  and  secured 
le  bottoms  and  tops  of  stairs ;  and  where  they  occur  between 
:  or  flights,  and  are  not  framed  at  either  of  their  ends  into  floors, 
t  to  the  trimmers  sideways,  as  figs.  S^t  and  84a,  they  have  a 
J  or  turned  top,  and  the  bottom  is  turned  and  ornamented  as  well, 
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and  called  a  pendant  or  drop,  as  fig.  843,  which  is  a  representation  of  the 
newels  at  a  half-space  landing  on  an  open-newel  stair. 

Landings,  whether  half  or  quarter-space,  are  made  of  flooring  boards 


carried  on  ordinary  joists  framed  into  the  trimmers,  to  which  one  flight 
inclines,  and  from  which  the  other  starts,  as  fig.  844,  which  represents  a 
half-space  landing. 


1 


In  best  work  these  boards  are  not  nailed  down,  but  are  glued  together 
and  secured  by  hardwood  buttons  underneath,  each  button  being  screwed 
to  the  underside  of  the  board,  and  the  tongue  on  them  turned  into  a 
groove  on  the  joist  of  the  landing,  so  thai  the  buttons  are  secured  to  ihe 
joists,  and  the  boards  to  the  buttons,  as  figs  845  and  846 

The  edges  of  the  landing  are  treated  as  the  top  of  a  tread  of  a  sie(\ 
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wn  they  act  as  such.  Fig.  847  represents  the  edge  of  a  landing  above  a 
er,  and  fig.  848  the  edge  of  a  top  landing,  surrounding  the  well  hole  of 
e  staiis ;  A,  the  pan  which  covets  the  face  of  the  trimmer,  being  called 


in  afroH.  \Vhere  there  are  quarter-spaces,  it  is  obvious  that  one  con- 
tuuKHit  trinuner  is  tieither  suitable  nor  useful,  as  explained  by  fig.  S49 — 
%  right  of  the  figure  representing  the  rough  joists  and  trimmers  of  a 
(f>*ttet-qiace  in  an  open  newel  staii,  with  two  risers  between  the  quarter- 
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spaces,  while  the  left  side  shows  how  to  place  the  bearers,  etc,  when 
necessary,  with  winders.  The  section  will  explain  the  different  height  of 
the  bearers,  and  should  give  the  student  an  idea  of  what  is  required  in 
such  cases.     (See  fig.  849.) 


I 


Hsndrai/  scews 


Fig.SSO. 

The  bearers  for  the  winders  in  a  wreathed  or  geometrical  stair  are 
treated  in  a  similar  manner. 

Wreathed  stairs  (geometrical),  with  their  continuous  winding  strings,  d 
course  are  very  intricate  at  the  returns ;  so  much  so,  that  the  strings  and 
handrail  are  constructed  on  a  drum,  that  more  accuracy  may  be  obtained, 


nosnf^ 
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Fig  .  852 


as  the  string  is  both  circular  on  plan,  and  rises  at  the  same  time.  The 
back  of  the  string  at  the  return  is  cut  away  to  a  very  thin  veneer,  which 
is  blocked  up  with  wedge-shaped  backings  from  behind  ;  and  the  joint 
between  the  two  parts  of  the  string  is  secured  by  handrail  screws.  (Sec 
fig.  851.)  It  must  be  borne  in  mind  that  it  rises  at  the  same  time  as  it 
goes  round.    (See  fig.  852.)    Carriages  and  bearers  support  the  steps. 
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BuU'twsed  or  curtailed  steps  are  treated  in  the  same  manner.  See 
fi&  ^S3>  which  is  a  plan  of  one  of  the  latter  at  the  bottom  of  a  stair, 
showing  the  veneering  and  blocking  to  the  curve. 


Pij.  aS4. 


to  the 


ionally,  in  best  work,  the  strings  are  cut  and  mitred^  which  is 
name  for  the  open  string;  and,  at  the  same  time,  gives  a  clue 
class  of  treatment  to  which  the  string  is  subject. 


Fig  8S5 


The  string  (that  is,  the  outer  string)  is  cut  out  to  the  shape  of  the  steps 
(%*  ^54)*  the  ends  of  the  treads  are  rounded,  and  the  small  moulding  is 
Rtumed,  as  fig.  855,  oftentimes  with  a  small  thin  cut  bracket  underneath 
safinbh. 
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The  mitring  part,  as  the  term  "cut  and  mitred"  implies,  comes  in 
with  the  risers,  which  are  mitred  to  the  string,  as  fig.  856. 

This  kind  of  string  is  used  chiefly  in  open-newel  and  geometrical  stm 

Sometimes,  in  wooden  stairs  as  well  as  stone,  solid  spandril  steps  are 

used,  being  housed  into  the  strings  as  usual,  but  dispensing  with  gluing^ 


Str-in.,  ~7 

'BntOkat 

rig  8S6 


blockings,  and  other  rramings  underneath.    The  tread  is  a  loose  thin  slab 
of  hardwood)  nailed  on  to  the  top  of  the  solid  step,  as  fig.  857. 

In  ordinary  stairs  the  treads  are  from  i  to  i  j  inches  thick ;  riseis,  \  V> 
I  j  inches ;  strings,  ij  and  2  inches  ;  balusters,  i^  to  1  inches  square;  and 
newels,  4  or  5  inches  square ;  and  the  other  dimensions,  of  course,  ^ 
according  to  the  circumstances,  etc. 
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Skylights— Lanterns  on  Roofe  and  Flats— Louvres— Ceiling  Lights. 

of  these  classes  of  framing  are  used  for  the  purpose  of  light,  either 
in  the  roofs,  flats,  etc.,  or  forming  a  roof  in  themselves.    Their 
is  to  give   light   from  above,   where,    from  various  causes  and 
istances,  the  enclosing  walls  cannot  be  used  to  supply  that  want. 


cylightB. — A  skylight  is  the  smaller  of  the  two,  and  is  generally  flat 
m,  and  inclined  with  the  pitch  of  the  roof;  whereas  a  lantern  has 
il  or  only  slightly  inclined  sides,  which  are  often  framed  with  case- 
made  to  open,  in  order  to  give  ventilation  in  addition  to  light,  the 
being  covered  by  a  slated,  tiled,  or  glass  roof. 

g.  858  represents  a  skylight  in  section,  fig.  859  the  elevation  in  a 

393 
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slated  roof;  but  only  the  wocxiwork  will  be  dealt  with  in  this  chapter,  no 

notice  being  taken  of  tiling,  slating,  or  leadwork.  The  student  ought  to  be 
well  acquainted  therewith,  as  they  have  been  explained  in  previous  chapters. 

The  roof  rafters,  etc.,  are  first  of  all  trimmed  to  suit  the  size  of  the 
skylight  required,  and  a  curb  is  framed  together  and  wedged  up  within 
that  space.  The  angles  of  the  curb  are  either  grooved  and  tongued,  or 
dovetailed  together ;  and,  in  a  slated  roof,  the  curb  should  be  9  inches 
deep,  to  allow  of  a  gutter  behind  it  at  the  top  pari,  as  in  fig.  S5S. 

In  a  tiled  roof,  however,  the  curb  should  l)e   1 1    inches  deep,  the 


/"ig,859. 

increased  depth  being  necessitated  by  the  extra  thickness  of  tile 
pared  with  slates.  The  tiles  at  the  eaves  of  the  gutter,  which  is  at  the  top 
of  the  skylight,  with  a  g-inch  curb  and  ordinary  rafters,  etc.,  would  almost 
touch  the  bottom  of  the  toprail  of  the  skylight,  and  would  not  allow  oil 
a  sufficiently  large  gutter,  especially  for  snow,  hence  the  necessity  for 
II  inches. 

The  9  and  ii-inch  curbs  are  measured  from  the  underside  of  ibe 
rafters,  and  if  these  are  of  more  than  the  ordinary  depth  of  common 
rafters,  the  depth  of  the  curb  has  to  be  increased  accordingly,  but  At 
above  are  the  usual  sizes — i.e.,  9  and  11  inches  deep  by  \i  or  2  incbci 
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The  top  of  the  curb  is  tongued,  to  fit  a  groove  around  the  underside 
the  skylight,  which  is  a  framing  of  styles  and  rails,  with  bars  for  the 


glui,  running  in  the  direction  of  the  roof,  and  framed  into  the  top  a 
^om  rail,  as  will  be  gathered  from  fig.  S59. 
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Kig.  860  is  an  enlarged  detail  oflhe  lop  and  bottom  of  fig.  858,  from  whicb 
it  will  be  seen  that  the  bottom  rail  is  not  as  thick  as  the  top  one,  being  j  of 
an  inch,  or  the  depth  of  the  rebate,  less.  This  is  done  in  order  to  alloB' 
the  glass  to  run  down  over  it  and  project  over  the  bottom  edge  of  the 
bottom  rail,  so  as  to  throw  the  rain-water  off.  Otherwise,  if  the  bottom 
rail  were  to  be  made  of  the  same  Ihiclcness  as  the  toprail,  a  gutter  would 
be  formed,  and  the  rain  would  soak  through  the  putty  and  drop  inside; 
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and  in  snowy  weather  it  would  form  an  excellent  lodgment  for  the  snow, 
as  shown  on  fig.  861. 

The  styles  are  as  fig.  862  in  section,  and  the  rails  are  tenoned  and 
wedged  into  them  at  the  angles. 

The  bars  (fig.  863),  which  are  fixed  about  12  to  15  inches  apart,  are. 


r,^  8B3 
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of  course,  of  tile  same  moulding  as  the  styles  and  rail,  and  of  the  same 
depth  as  the  styles  and  toprails,  but  i\  inch  wide,  and  framed  at  each  end 
into  the  top  and  bottom  rails. 

The  bars  may  be  moulded  to  any  section,  chamfered,  or  square  ;  and 
in  best  work  they  are  checked  out  a  second  time,  and  grooved  underneath 
the  glass,  as  fig.  864,  to  allow  the  condensation  which  collects  on  the 
underside  of  the  glass  to  run  down  the  bars  and  out. 

Skylights  can  be  either  fixed  or  hung;  and  in  the  latter  case  they  are 
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hinged  by  butts  at  the  top,  and  opened  at  the  bottom  upwards  by  a  patent 
lifting  apparatus  (fig.  865). 

The  glass  of  the  skylight  is  kept  in  position  by  light  narrow  copper 


dips  screwed  to  the  rails,  underneath  the  glass,  which  they  clasp  at  the 
bottom  as  in  fig.  866. 

The  glass  ought,  if  possible,  to  be  in  one  length ;  but  when  that  is  not 
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possible,  these  dips,  with  another  bend  in  them,  are  also  used  to  keep 

the  top  pane  (which  laps  over  the  others)  in  position,  as  fig.  867, 

^H         In  common  and  very  large  fixed  skylights,  over  sheds,  etc.,  no  curbs 

^b  itre  used  ;  but  a  head  and  sill  to  the  required  section  are  fixed  to  the  ends 

^Bof  rafters  longitudinally,  the  styles  being  framed  into  them  at  the  ends, 

and  the  bars  stumped  into  the  head  at  the  top,  and  notched  into  the  all 
at  the  bottom,  as  fig.  868,  which  illustrates  such  a  skylight  in  any  position 
intermediate  between  the  ridge  and  the  eaves. 

Fig.  869  shows  a  similar  skylight,  placed  close  up  to  the  ridge  itself, 
which  also  may  be  differently  treated,  as  shown  in  the  enlarged  section 


{fig.  870). 


Lantema. —Lanterns  are  generally  formed  at  the  apex  of  a  roof,  as 

fig.  871,  or  on  a  flat,  as  fig.  872;  their  roofs  having  either  gable  ends, 

as  fig.  873,  or  being  hipped,  as  fig.  875. 

^L  The  top  or  roof  part  of  the  lantern  {figs.  871  and  872)  is  precisely 

^1     similar  to  an  ordinary  skylight,  consisting  of  bars,  styles,  sills,  and  heads 

^H     framed  together ;  the  heads  of  the  two  sides  meeting  at  the  i^^ex,  against 
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Section 
Fiq.871. 


Section 
Fi^.a72 
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87SA,  which  otherwise  represents  a  lantern  on  a  flat  {vide  also 


le  side  framing  consists  of  four  angle  posts,  framed  into  head  and 
ith  intermediate  mullions,  the  whole  rebated  out  for,  and  tilled  in 


moulded  casements,  either  fixed  or  hung,  according  to  requirements, 
sements  being  sometimes  hung  on  centres,  or  pivoted,  as  herein- 
explained.  It  is  needless  to  give  details  of  these  angle  posts, 
ns,  and  casements.     The  student  will  be  able  to  form  bis  own  details 
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from  the  illustrations,  etc.,  already  given  in  the  chapter  on  solid  (fMCS 
and  casements. 


Hi  d± 


In  lanterns  for  common  shed  roofs  the  side  framing  is  often  filled  W 
with  louvres  instead  of  casements,  to  give  egress  to  the  hot  air  orsie*" 
as  shown  in  fig.  870. 


The  ends  of  the  louvres  are  housed  into  the  posts  or  mullions,  » 
fig.  87 7. 

Ceiling  Lights  arc  often  used,  in  connection  with  fixed  skylights,  W 
bring  the  light  into  the  rooms,  and  still  have  a  flat  ceiling.  TheceiKnf 
rafters  are  trimmed,  and  a  curb  is  wedged  inside  it,  rebated  out  al  tt«l? 
for  the  casement,  which  is  of  the  ordinary  section  and  class  (t>ii/t  fig.  B;8S 
The  bars  may  sometimes  be  constructed  and  arranged  to  some  Kcomeiri*' 
or  ornamental  designs,  as  figs,  879,  880. 
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PLASTERIKQ,   PAINTING,  AND   OLAZINO. 


k  Male  rial  s— ['I  ail  er  Wotk  Processes— Em  ernal  Work— Omomenlal  Work— 
Cilass  and  Glaiing — Palcnl  Glaiing. 

Plaster  Work  MateriolB.— Plastering  consists  in  covt-ring  with  a 
"  smooth  surface  all  rough  walls,  ceilings,  partitions,  etc.,  in  the  superior 
apartraenis  of  dwellings,  etc.,  where  a  more  finished,  better-looking,  and 
more  sanitary  effect  is  required.  This  result  is  obtained  by  the  use  of 
various  materials,  including  several  patents,  as  will  be  pointed  out  in  the 
following  remarks  on  the  materials  themselves  and  their  application. 

The  hme  used  by  the  plasterer  is  the  purt  lime,  containing  only 
carbonate  of  lime,  and  is  sometimes  called  a  fat  lime.  It  has  neither 
great  power  of  setting  nor  ultimate  strength,  is  of  a  white  colour,  and 
slakes  very  freely  ;  and  immediately  the  water  is  poured  on  it  a  great 

Itolume  of  steam  will  arise,  and  the  lime  will  begin  to  crack  very  loudly, 
%Mt  is  of  the  best  kind  for  plastering. 
\_  Sucli  lime  is  found  at  Crich,  Buxton,  and  Dorking,  being  the  product 
if  burning  cither  marble,  white  chalk,  or  the  Bath  and  Portland  oolites  of 
various  places.  By  the  slaking  process  pure  lime  will  increase  in  bulk  to 
three  limes  its  original  cubical  contents.  When  the  slaking  is  completed 
the  lime  and  water  are  run  through  sieves,  to  collect  and  screen  out  the 
hard  unslaked  lumps  ot  residue,  which  would  be  a  source  of  danger  in  the 
finished  work.  The  creamy  mixture  of  slaked  lime  and  water  is  called 
pvtty,  and  in  this  state,  to  ensure  perfect  slaking,  some  limes  should  be 
kept  for  a  period  of  one  or  two  months  before  being  used. 

The  sand  used  for  plastering  must  be  clean  and  sharp,  free  from  alt 
earthy  or  vegetable  matter,  and  washed,  if  necessary,  to  eliminate  all  these 
^Bttitmties.  Pit  sand  is  far  preferable  to  that  taken  from  large  river  beds, 
^HMoe  the  sand  is  continually  kept  in  motion  by  the  currents,  so  that  the 
^^Bsicles  or  grains  are  rounded,  which  takes  away  their  sharpness. 
^^^^latttr-of-Paris,  used    for   gauged  stuff,  is    calcined  g}'psum,    which. 
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after  being  mixed  with  water  to  a  pa.ste,  sets  quickly  and  with  a  smooth 
Hardened  white  surface. 

Portland  (tmtnl,  which  will  be  dealt  with  more  fully  in  Chapter  XXIII., 
is  chiefly  used  for  outside  work,  the  lighter  (in  weight)  and  quicker-selling 
qualities  being  the  most  suitable  for  this  purpose. 

Keene's  cement  is  P las ler-of- Paris,  saturated  with  alum,  and  is  chiefly 
used  for  angles,  pilasters,  and  the  more  ornamental  parts  of  plastering,  for 
internal  use  only. 

Parian  ceiiKul  is  a  finet-working  substance,  used  for  large  surfaces  of  a 
better  class  in  imemal  plastering,  the  walls  generally  being  first  backed  up 
or  rendered  over  with  Portland  cement  and  sand,  in  preparation  for  iht 
Parian,  which  is  really  Plaster-of-Paris  recalcined,  with  borax  added 

Martin's  cenient  is  similar  to  the  last  in  preparation,  pearl  ask  being 
used  instead  of  borax,  which  produces  a  "  fatter "  cement,  forming  (iil' 
Keene's)  a  better  "  arris." 

There  are  several  other  kinds  of  cement  of  these  classes,  but  dieyire 
so  seldom  used  in  ordinary  work  that  it  is  unnecessary  to  descn'be 
them. 

The  laihi  used  for  piaster  work  (fig,  88i)  are  thin  strips  of  wood, 
about  I  inch  broad  and  up  to  4  feel  long,  rent  or  sawn  out  of  good  ^ 
or  aak  ;  and  the  different  thicknesses  are  classified  as  below : — 
Single  lath       are  about  ^  of  an  inch  thick, 
Lath-and-half  „        ^      „         „        „ 

Double  lath  „        |      „        „       „ 

Flaater  Work  ProcesseB — Brick  and  stone  walls  are— as  it  is 
termed — covered  by  "two"  or  "three"  coat  work,  consisting  of  * 
retiJering  or  pricking  up  coat,  a  floating  and  a  setting  coat. 

The  first  consists  in  covering  the  walls  roughly  with  the  patent  inWiai^ 
specified,  or  with  the  coarse  j-/«^  (otherwise  called  "hair  mortar")'" 
common  and  ordinary  work,  consisting  of  the  properly  slaked  fal  I1D1& 
mixed  wet  with  about  three  parts  of  good,  clean,  sharp,  washed  sand,  and' 
proportion  of  good  well-beaten  cow-hair.  This  mixture  is  then  applied  W 
the  walls,  to  the  thickness  of  about  ^  an  inch,  or  as  may  be  required  W 
make  the  wall  surface  perfectly  plumb  and  level.  So  sood  as  the  oal 
begins  to  dry  it  is  scored  over  or  scratched  to  give  the  next  or  floating 
coat  a  key  or  means  of  attachment. 

When  this  first — rendering  or  prick ing-up— coat  has  become  d/y,  ''* 
second  or  floating  coat  is  applied  on  it  to  a  certain  thickness,  of  fru" 
J  to  J  of  an  inch.  This  coat  consists  of  a  better  and  stronger  mixture  "' 
the  same  materials  as  the  first,  but  with  less  hair,  called  "  fine  stuff."  "^^ 
surface  of  this  coat  is  made  truly  even  in  every  way  following  on  the  I** 
by  means  of  perfectly  plumb,  vertical,  and  horizontal  screeds,  laid  on  ih' 
walls  to  the  required  thicknesses,  and  about  6  inches  wide,  at  the  angte 
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ceiling,  and  skirting,  and  intermediately,  as  ihu  straight  ed( 
the  spaces  between  are  regulated,  require. 

This  second  coat  is  left  rough  from  the  float,  as  the  tool  used  is 
called;  and  when  it  becomes  dry  the  third  or  setting  coat  is  applied, 
consisting  of  a  very  thin  film  cA  fine  stuff,— i.e.,  "putty,"  or  slaked  lime, 
with  a  very  small  admixture  of  sand,  made  to  about  the  consistency  of 
good  cream.  This  is  applied  and  worked  up  to  a  perfectly  smooth  and 
level  fai'e,  which  sets  quite  hard ;  after  which  it  is  left  to  dry,  and  the 
work  is  complete. 

When  a  wall  is  intended  to  be  painted  it  is  finished  with  a  troweUed 
face  (for  which  purpose  various  other  special  plasters  are  sometimes  used, 
to  give  it  a  better  hardened  face),  the  workman  using  a  steel  "  trowel "  for 
this  purpose,  instead  of  the  wooden  one,  called  a  "  float" 


I 


amalgamatio 


■  the  first  I 


Two-coal  work  i 
finished  off  with  the  setting  ( 

Walls  are  sometimes  battened;  that  Is  to  say,  thin  battens  are  fixed 
to  plugs,  vertically  up  the  walls  at  about  16  inches,  centre  to  centre, 
to  receive  the  lath-work  (fig.  881),  as  will  be  explained  for  partitions  and 
ceilings.  This  "battening"  is  used  for  damp  walls;  but,  while  it  gives  a 
free  circulation  of  air  behind  the  plastering,  it  brings  with  it  a  greater  evil, 
inasmuch  as,  besides  being  subject  to  decay,  it  forms  a  harbour  for  all 
kinds  of  vermin;  and  rooms  with  battened  walls  are  made  quite  lively  by 
the  noise  of  mice  and  other  such  creatures.  For  the  same  reasons  walls 
behind  skirtings,  etc.,  should  be  rendered  up.  In  elevation,  lathwork  on 
luitens  looks  exactly  like  lathwork  on  partitions  or  ceilings ;  the  only 
difference  appearing  in  the  plans  or  sections,  which  in  this  instance  are 
represented  by  fig.  883, 

Ctmnter-UUhiHg  or  brandertng  is  similar  to  the  above,  and  consists  of 
ordinary  laths  laid  about  16  inches  apart  on  wood  lintels,  etc.,  to  throw  out 
ihc  lalhs  so  as  to  allow  of  a  key  for  the  plaster  work  laid  on  them,  over 
doont  and  windows  and  other  openings  spanned  by  wood,  to  which 
f  plastering  will  not  adhere. 
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Ceilings  and  partitions^  battenings  and  counterlathing  are  treated  as 
fig.  88 1,  fig.  882  being  a  plan  of  the  partition ;  and  the  work  is  specified, 
for  two-coat  work  as  lath^  plaster^  and  set^  or  lath^  floaty  and  set^  and 
for  three-coat  work  as  iathj  piaster^  floaty  and  set^  consisting  of  the  same 
proceedings  in  laying  on  the  material  as  for  walls,  with  the  "  addition  "  of 
the  "  lathwork,"  which  means  the  covering  of  the  surfaces  with  laths  of 
various  thickness  (as  previously  described)  nailed  to  the  framing  at  about 
16  inches  from  centre  to  centre ;  the  laths  being  parallel  to  one  another, 
and  about  |  of  an  inch  apart,  to  allow  of  a  key  to  the  pricking-up  or  first 
coat  of  the  plastering,  which  is  pressed  on  to  the  lath  and  through  the 


Fig.  862. 

crevices  to  form  a  key.  The  laths  are  in  various  lengths  up  to  4  feet  to 
suit  the  spaces  of  the  wood  framing ;  and  where  a  joint  is  necessar}*  it 
should  not  be  perfectly  vertical  up  the  wall  on  the  ^ame  piece  of  wood, 
but  they  should  break  joint  every  half-dozen  laths,  and  so  on,  as  fig.  881. 
**  Lath  and  half*'  are  the  best  to  use  for  ordinary  work. 

This  lathing  being  done,  the  plastering  is  laid  on  exactly  the  same  as 
on  the  walls,  but  it  should  be  pointed  out  that  the  first  coat  takes  much 
longer  to  dry,  having  no  absorption  to  assist  the  drying  process  on  laths, 
as  is  the  case  on  walls. 


fig. 663.      \"  '^f'^chcs 


All  external  angles  should  be  roughed  up  either  in  Portland  or  Keene's 
cement,  to  make  a  good  hard  finish,  as  ordinary  "hair-mortar"  and 
"putty"  have  no  strength  for  such  positions;  or  "wood  angle-beads" 
should  be  fixed  to  plugs  in  the  joint,  up  the  angle,  and  the  plastering 
quirked  up  to  it,  as  explained  under  "Joinery"  (Chapter  XVL). 

When  requisite,  the  plastering  to  walls,  ceilings,  partitions,  etc.,  as 
above,  can  be  made  to  dry  quicker  by  the  addition  of  a  proportion  (about 
one-fifth)  of  "  plaster-of- Paris  "  to  the  ordinary  mixtures  for  the  various 
coats;  and  this  is  called  gauged  work.  The  proportion  of  plaster 
regulates  the  time  of  setting ;  but  it  is  unadvisable  to  hurry  the  work  of 
plastering,  and  certainly  not  by  "  gauging,"  which  is  apt  in  time  to  cause 
the  whole  surface  to  crack,  almost  like  a  spider's  web. 
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Selenetic  lime  is  a  mixture  of  hydraulic  lime  and  plaster-of-Paris,  often 
osed  for  ordinary  plastering ;  its  advantages  being  that  it  is  quicker  in 
setting  between  the  coats,  and  will  take  more  sand,  which  renders  the 
mixture  cheaper ;  but  it  should  be  mixed  according  to  special  instructions 
from  the  manufacturers. 

RobinsorCs  Patent  Paragon  Cement  (made  near  Whitehaven),  Adamant^ 
and  Adamantine  are  all  patent  mixtures  for  plastering,  invented  and 
introduced  for  the  purpose  of  saving  time  in  the  drying  of  ordinary 
plaster,  and  with  other  advantages,  such  as  a  better  and  harder-finished 
surface,  and  the  properties  of  being  fireproof,  and  so  adhesive  and  co- 
hesive as  to  obviate  cracked  ceilings  and  the  like  objectionable  but 
uriavoidable  results.  They  are  said  to  be  as  cheap  as  the  ordinary 
plastering,  though  this  has  to  be  proved,  as  a  general  thing  instead  of  an 
exception ;  but  the  advantages  conferred  should  be  worth  the  extra  cost. 
A  very  superior  and  economical  covering  to  internal  walls  is  to  float  them 
in  Portland  cement  and  sand,  and  finish  white  with  "  Albino,"  the  best 
quality  of  Adamantine. 

IBxtemal  Work. — External  walls  are  coated  in  a  similar  manner  to 
the  internal  walls,  as  already  explained,  with  the  exception  that  Portland 
cenaent  is  used  instead  of  "fat"  lime,  which  will  not  withstand  the 
weather ;  and  they  may  be  finished  off  in  different  manners,  the  chief  of 
which  are  here  given. 

J^&ugh-cast  has  a  rough  face,  made  by  the  last  coat  consisting  of  coarse 
grit. 

Ashlar  is  the  lining  up  of  walls,  so  as  to  divide  the  face  into  rectangles, 
similar  to  ashlar  or  other  stone  facing. 

Stucco  is  a  general  term,  used  for  the  rough  mixtures,  whether  with 
c^naent  or  lime,  cement-covered  external  walls  being  often  said  to  be 
"stuccoed";  while  "trowelled  stucco"  for  internal  work  is  a  smooth 
^,  worked  with  fine  stuff  without  hair,  in  ordinary  plaster ;  and  "  bastard 
stucco  "  contains  hair. 

Depeter  has  a  more  roughened  face  than  rough-cast  in  external  cement 
Petering ;  the  effect  being  obtained  by  small  pebbles,  which  are  pressed 
in  while  it  is  setting. 

Depreter  is  a  finish  to  the  same  cementing,  made  to  imitate  tooled 
stone. 

SeagUola  is  an  imitation  of  marble,  in  pilasters,  etc. 
Onuanental  Work. — Cornices^  and  other  ornamental  mouldings,  used 
^ break  the  angles  of  apartments,  etc.,  are  "run"  in  plaster  by  means  of 
hewed  mouldings,"  running  on  a  wood  ground  fixed  on  the  wall,  truly 

I**<^niontal,  the  required  depth  of  the  cornice.     Ordinary  cornices  are 
^cd  or  roughed  up  with  a  stronger  mixture  of  coarse  stuff,  to  make 
tt  set  quicker ;  and  when  this  has  been  worked  to  the  right  contour  it  is 
n 
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finished  off  with  plaster-of-Faris,  which  gives  it  a  hardened  white  lace, 
with  good  arrises,  where  required.  When  moulded  cornices  are  too  big 
to  allow  of  this  backing  up  being  well  and  properly  done  in  rough  stuff, 
they  are  scotdi-brtukeied,  as  fig.  884,  which  consists  of  laths  cut  to  lengths 


Fig  B8S. 


and  fixed  from  wall  to  ceiling,  to  take  off  the  triangular  space  shown,  and 
fill  up  the  angle  to  save  material. 

As  the  cornices  increase  in  size  beyond  this,  it  becomes  necessary  to 
use  wood  bracketing,  which  consists  of  wood  brackets,  roughly  cut  to  the 


required  shape,  and  fixed,  16  inches  apart,  to  the  ceiling  joists  and  vaH, 
and  on  these  the  laths  are  nailed  longitudinally  for  the  plastering,  ^ 
shown  in  fig.  885 ;  though  sometimes  the  brackets  are  so  large  that  dKf 
have  to  be  built  up  in  parts  and  framed  together,  as  fig.  886. 


SiwUMmenls  in  plaster  are  cast  in  moulds  made  in  beeswax,  modelled 
'^to the  required  design. 

Poller  Machi  or  Carton  pierre,  as  the  name  implies,  is  a  paper  com- 
position formed  into  the  required  moulds  and  ornaments. 

Judrous  plaster  is  a  patent,  now  very  much  used,  consisting  of  slabs  of 
various  sizes,  fixed  with  zinc  nails  to  the  woodwork,  and  covered  over  with 
a  setting  coat  about  ^  of  an  inch  thick.  Of  this  appliance,  "  Hitchin's," 
"Jackson's,"  and  "  Wilkinson's  "  are  the  best -known  qualities. 

Plaster  work  is  often  painted,  or  treated  by  the  following  processes  :^ 
iVhiteivashing  or  limewhiling  consists  of  two  coals  of  ''  fat "  lime  slaked 
to  a  white  liquid,  and  applied  with   a  large  brush ;    it  is  only  used  in 
common  work,  and  for  sanitary  purposes. 

Whitening  is  a  mixture  of  size  and  whitening,  applied  in  two  coats  to 
internal  work  only,  such  as  ceilings  and  walls ;  and  when  any  colouring 
matter  is  added  it  is  called  "distempering,"  the  surface  being  first 
deareoled  or  cfaircoUed^i.e.,  covered  with  a  solution  of  glue  and  alum, 
which  fastens  the  colour,  as  it  were. 

Colouring,  applied  to  both  external  and  internal  work,  consists  of 
ordinary  whitewash,  mixed  with  different  colouring  matters.  "Duresco" 
is  a  patent  washable  covering  of  this  class. 

Painting. — Painting  is  the  covering  of  wood,  iron,  plaster,  or  other 
[Daterials,  either  for  the  purpose  of  protecting  them  or  for  ornament. 

The  ingredients  employed  in  the  various  mixtures  used  for  the  different 
kinds  and  coats  of  painting  include  the  following  materials  i — 

IVhife  lead,  called  a  "  base  "  in  painting  work,  is  a  carbonate  of  lead 
formed  by  combining  carbonate  fumes  with  the  pure  lead,  by  the  process 
of  corrosion  with  acetic  acid,  the  resulting  residue  being  a  white  powder, 
irhich  is  either  sold  in  that  condition,  or,  more  generally,  when  ground  in 
linseed  oil  to  a  pasty  consistency. 

Hed  lead  is  made  from  oxide  of  lead,  and  can  be  either  procured  dry  or 
in  oil,  like  white  lead.  It  is  used  as  a  drier,  for  painting  iron,  or  for  the 
first  coat,  called  "priming,"  on  woodwork. 

White  lead  is  more  used  than  red  lead,  being  more  easily  converted 
into  vsuious  colours  ;  while  it  is  very  dense,  and  forms  a  strong  permanent 
Covering  or  protection,  being  of  a  good  "body  "as  it  is  called. 

Oil  and  turpentine  are  called  "  vehicles  "  in  paint,  because  they  (figur- 
atively speaking)  "  convey  "  the  lead  on  to  the  surfaces  to  be  covered, 

fjfueed  oil,  of  a  drying  kind,  is  used  very  greatly  in  the  mixing  up  of 
paints,  it  having  the  properly  of  being  ductile,  while  it  will  also  dry  well 
*nd  form  a  good  coating. 

Dirpentine  is  really  an  oil  extracted  from  the  pine  tree,  and  used  to 
ttake-Paiot  work  more  easily,  and  for  patting  coats  internally,  it  having 
'  ■     u  with  the  linseed  oil. 
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Driers,  whether  in  the  form  of  Litharge,  commonly  called  oxide  of 
lead,  or  "  patent  driers,"  are  used  to  make  the  oil  set  all  the  quicker  io 
forming  a  coating. 

The  colouring  of  paint  is  done  by  the  addition  of  various  ochres  and 
vegetable  matters  of  different  colours  called  "  pigments." 

The  proportions  in  which  these  bases,  vehicles,  eta,  are  mixed  may 
vary  according  to  circumstances,  and  the  coats  applied,  being  genetallf 
in  about  the  following  ratios : — 

First  coat  or  priming — 14  lbs.  white  lead,  i  lb,  red  lead,  6  pints  linserf 
oil  (raw  for  inside,  boiled  for  outside),  j  lb.  driers. 

Second  and  third  coats — 14  lbs.  white  lead,  3  or  4  pints  oil,  3  pint* 
turpentine,  \  lb.  driers. 

Fourth  coat — 14  lbs.  white  lead,  a  pints  oil,  4  or  5  pints  turpentint, 
j  lb.  driers. 

Woodwork,  intended  to  be  painted,  comes  from  the  joiner's  shop, 
generally,  ready  smoothed  and  clean,  so  that  the  first  proceeding  is  W 
knot  it — i.e.,  to  cover  the  knots  over  with  size,  or  patent  knotting,  10 
kill  the  turpentine  in  them,  and  so  prevent  them  spoiling  the  finished 
work.  The  whole  surface  is  then  primed  with  red  lead  paint,  which 
satisfies  the  a!)sorption  of  the  wood.  It  is  then  rubbed  down  with  puiniw 
stone,  all  holes  are  filled  up  with  putty,  and  any  unevenness  obviated,  in 
preparation  for  the  second,  third,  and  fourth  coats,  each  coat  containing 
less  oil  and  more  turpentine  than  its  predecessor.  Good  work  should  t* 
rubbed  down  between  each  coat,  which  gradually  approximates  ta  ^ 
finished  colour  as  described,  and  the  final  coat  very  often,  from  its  tini, 
allows  of  little  lead  or  body  being  used. 

For  ordinary  new  work  the  words  of  the  specification  are: — "KnO'i 
stop,  prime,  and  paint  tliree  oils  or  coats  in  best  white  lead  paint";  ih' 
only  difference  between  inside  and  outside  work  being  that  "  boiled  oil 
should  be  used  for  all  parts  that  are  exposed  to  the  sun. 

Old  work  should  be  well  "  cleaned,  rubbed  down,  and  stopped  "  bffo« 
the  coats  are  applied  in  the  ordinary  way. 

Varnishing  is  the  process  of  coating  plain  or  painted  work  willl  * 
colourless  material  called  "  copal  varnish,"  a  mixture  of  resin  and  oil  « 
turpentine,  which  forms  a  very  hard,  glossy,  and  durable  coating. 

Graining  is  an  additional  coat  of  paint  applied  on  the  ordinary  ^' 
coat  work,  and  marked  or  scratched  over  to  imitate  the  grain  of  oak  ii" 
other  woods.  f 

Ironwork  should  be  painted  with  oxide  of  iron  paint,  as  the  lead  in  ^^ 
ordinary  mixture  is  said  to  cause  an  injurious  galvanic  action  between  oi' 
two  metals. 

GlaSB  and  Glazing. — Glass  is  a  transparent  material,  used  for  giviPS 
light  through  openings,  while  excluding  the  elements.     It  is  a  mil 
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white  sand,  soda,  and  chalk,  in  various  proportions,  melted  together  at 
a  very  high  temperature,  and  then  formed  into  the  various  kinds  required. 
These  include  "  crown,"  "  sheet,"  and  "  plate  "  glass. 

SAeet  g/ass,  ihe  most  useful  variety,  is  made  by  blowing  the  heated 
glass  into  cylinders,  which  have  their  ends  cut  off  and  periphery  split  down, 
so  that  the  glass  can  be  flattened  out  in  a  kiln,  under  the  action  of  heat, 
applied  to  open  it  out,  after  which  it  is  allowed  gradually  to  cool.  The 
various  kinds  of  sheet  glass  are  distinguished  by  their  weight  per  foot, 
super,,  as  16  oz.,  21  oz.,  26  oz.,  and  32  ox. 

JVafeg/asi  is,  of  course,  a  superior  kind,  made  of  thicknesses  varying 
from  ^  inch  to  1  inch,  by  which  thicknesses  it  is  described  and  distin- 
guished. In  the  process  of  its  manufacture  the  glass,  when  at  a  white  heat, 
is  placed  on  a  table  and  rolled  to  tbe  required  thickness ;  after  which  it  is 
polished  over  or  left  as  rough-casi.  Its  advantages  over  "sheet  glass" 
are  that  it  is  much  stronger  and  less  affected  by  atmospheric  influences, 
while  it  cannot  be  cut  noiselessly  with  the  diamond — which  renders  it  an 
enemy  of  burglars. 

^H  Rattgh-easl — the  resulting  material  without  the  polishing — has  a  rather 
B'VRvy  appearance,  but  is  otherwise  as  strong  and  advantageous  as  the 
polished  plate. 

British  polished  plate  glass  is  even  superior  to  the  ordinary  "  polished 
place,"  though  of  the  same  material ;  its  superiority  being  the  result  of 
grinding  the  surfaces  down  truly  before  polishing. 

Hartley's  rough  rolled  plate  is  of  similar  composition  to  the  "plate," 
but  it  is  rolled  on  a  patent  ribbed  table,  which  gives  it  the  advantage  of 
admitting  light  without  scorching,  glare,  or  diminished  transparency. 

There  are  numerous  other  varieties  of  glass,  chiefly  made  out  of  the 
different  manufactured  products  above  explained,  and  rendered  different 
by  the  labour  and  colouring  matters  expended  on  them  and  used  there- 
with. 

Glass  is  cut  into  squares  or  panes  of  the  required  size,  and  secured  by 

means  of  putty  (a  stiff,  pasty  substance  of  whiting  and  oil)  into  the  wood 

or  iron  rebates,  as   fig,  887,  which  shows   the  gla^s   puttied  and   back- 

puttied,  as  at  X ;  or  it  is  secured  and  bedded  in  washleather,  by  meaiu  of 

^VOod  fillets  or  beads, 


1 


f'^aez 


/■/y  888 


342 


BUILDING  CONSTRUCTION. 


As  the  putty  used  in  glazing  cannot  be  made  of  a  suitable  lasting 
material,  but  is  perishable,  the  necessity  has  arisen  of  late  years  of  employing 
other  means  of  securing  the  glass  to  the  framing,  especially  in  skylights  and 
other  exposed  flat  or  sloping  surfaces. 

A  simple  method  of  attaining  this  object  is  to  secure  it  by  sprigs  dri^n 
into  the  woodwork  at  the  bottom  of  the  sheet  and  at  the  sides,  as  fig.  889, 


Fig  689 

in  addition  to  which,  if  the  glass  is  cut  circularly  on  the  bottom  edge,  aU 
water  will  be  collected}  and  will  run  down  the  centre  of  the  light  dear  of  the 
putty  and  bars,  as  shown  by  dotted  lines. 

Patent  Glazing. — Among  the  many  patented  methods  of  accomplish- 
ing this  result,  now  in  vogue,  may  be  mentioned  the  following : — 


i^S^s^ggg^l 


fig, 890. 


'ig.89t 


The  British  Patent  Glazing  Company's  Patent,  consisting  of  steel  bais 
and  sheet  lead,  as  illustrated  by  fig.  890,  from  which  it  will  be  seen  that  no 
water  can  enter  and  drop  through  their  system,  as  any  water  penetrating 
between  the  bars  and  the  lead  is  collected  in  the  groove  of  the  bar. 

Messrs.  Braby's  Patent,  consisting  of  wooden  bars  of  any  size  and 
design,  and  zinc,  etc,  is  illustrated  in  section  by  fig.  891. 

Messrs.  Grover's  Simplex  is  shown  in  figs.  892  and  893,  from  which  it 
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01  be  seen  that  their  method  consists  of  a  patent  lead  strip,  as  fig.  893, 
sed  to  wood  bars  and  turned  down  on  the  glass,  as  fig.  893. 


Fig  a 97 


tbe  Ptnnyeook  Patent  is  illustrated  by  figs.  894,  895,  and  896,  from 
™*  it  will  be  seen  that  this  system  can  be  adapted  to  iron,  wood,  or 
metal  ban. 
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Helliwell's  Patent  consists  of  metal  bais  and  capping,  as  fig.  897,  and 
Kendell's  of  similar  materials,  as  fig.  S98  in  section. 

There  are  many  other  similar  patents,  including  that  of  Messrs.  Mellowes 
(of  Sheffield),  which  is  extensively  used  throughout  the  country,  though 
those  above  illustrated  are  quite  as  good  and  effective. 


Fiy  898 


Dureline  is  a  substitute  for  glass  in  positions  where  glass  would  soon 
be  broken.  It  consists  of  thin  wire-woven  work,  covered  over  by  a 
transparent  thin  substance  of  dilferent  tints.  It  is  fixed  on  rafters  by  zinc 
nails,  and  lapped  at  the  joints. 


CHAPTER   XXII. 

OEKTBING,  FOUMDATIONB,   BHORINa,  SCAFFOLDING, 

SEWERS. 

Cq>trii^»— Foppdatiops— Diflfefcnt  Soils— Sewers— Shoring  and  Stnttdng— ScafTolding— 

Hoisting  Tackle — Underpinning. 

Centring. — Centres  are  framed  structures  for  temporary  purposes, 
used  in  throwing  arches  over  apertures,  etc  They  have  their  top  shaped 
to  the  required  curve  of  the  arch,  are  made  specially  for  the  dimensions 
of  the  opening,  and  act  as  a  support  to  the  constituent  parts  of  the  arch 
during  construction,  and  until  eadi  member  has  taken  its  proper  bearing, 
and  the  whole  has  become  one  solid  mass. 


nS^t 


For    small    arches,   and  only    4I   indies    deep   on  soffit,  a   wood 
is    used — Lt^   a   strong  piece   of  wood    about   3    incbet 
is  cot  to  the  required  curve  of  the  arch,  and  fixed  just  below  th4f 
m^  generally  by  means  of  bricks  held  up  by  nails  driven  into  tb4r 
of  the  reveals,  as  ^  899. 

r  openingi  of  a  larger  size  the  centres  are  formed  of  two  outiMv 

cut  to  curve,  and  with  small  pieces  called  iatxings  naiM  U 

mg^  to  their  hcts  ^crou  the  top,  as  fig-  900*  while  the  UfCM*  k 
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^M  secured  in  a  similar  manner,  the  whole  being  frequently  fixed  by  brick  b 

^M  precisely  the  same  manner  as  lost  explained,  though  when  of  larger  tim 

^M  they  are  koried  up  by  upright  supports  strutting  up,  as  it  were,  from  ibe 

^m  sills  or  other  flat  horizontal  surfaces  below,  as  shown  on  the  illustratioa 


The  centre  itself  is  raised  into  its  exact  position  by  means  of  tio 
wedges  driven  together  and  placed  on  the  horizontal  piece  across  the 
support,  or  on  the  supports  themselves,  or  bricks  at  each  springing,  m  « 
XX  on  fig.  901.     For  rough  arches  these  laggings,  of  about  j  iacll  X 


F/^  301. 

^  inch  in  size,  are  spaced  at  about  their  own  width  apart ;  while  ceoW*   I 
for  faced  work,  and  especially  for  rubbed  and  gauged  arches,  must  «   1 
close-lagged — i.e.,  their  lagging  must  butt  up  to  each  other  and  the  aitis'' 
eased  ofT,  to  give  the  line  a  true  unbroken  curve.  I 

When  the  opening  is  so  wide  and  the  rise  so  high  that  the  curved  riw 
(to  which  the  laggings  are  nailed)  cannot  be  cut  out  of  ordinary-sized  stuff. 
the  centres  have  to  be  built  up  by  lapping  and  nailing  two  ihiduiessO 
together  to  make  the  one  rib,  as  fig.  901. 


3NTR1NG,  FOUNDATIONS,  SHORING,  SCAFFOLDING,  SEWERS.  347 

Fig.  903  shows  the  centre  for  a  still  larger  arch,  built  up  and  framed, 
!ie  radii  and  cross  pieces  being  halved  or  dovetailed  together,  and  to  the 
lbs,  as  shown. 


F,g.902 


Fig.  903  is  a  sketch  or  a  Tramed  centre,  as  seen  from  3  point  of  view 
iboveit. 

FonndatioiiB. — Foundations,  as  3  rule,  should  be  3  feet  below  the 
general  surface  of  the  ground — Lt.,  the  trench  excavated  to  receive  the 
bottom  of  the  c(»icrete,  or  brick  footing,  should  be  3  feet  deep,  especially 


in  dajrey  ground,  which  is  liable  to  be  affected  by  both  heat  and  rain,  the 
fonnei  in  particular  cauaitig  it  to  crack  to  a  depth  even  exceedii^  3  feet 
Of  cotuK  it  will  be  understood  that  the  nature  of  the  ground  varies  enor- 
moutly  in  difibent  parts  of  the  country,  sometimes  in  different  parts  of  the 
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same  town,  and  even,  in  some  cases,  in  different  streets  or  gardens,  f  o 
soils  differing  in  nature  often  being  closely  adjacent. 

A gaotl  foundation  should  be  in  solid  as  opposed  to  made-up  ground; 
it  should  be  incompressible,  and  of  the  same  nature  throughout,  the  strati 
being  at  right  angles  to  the  weight  they  have  to  carry — /.<;.,  horiionu!- 
instead  of  dipping  or  sloping.  ^VTien  punned  with  a  rammer  it  sbouW 
sound  "solid,"  a  hollow  sound  indicating  an  inferior  nature  belo«. 
and  it  should  resi.st  the  pick  or  crossbar  well  when  driven  in,  wilhoui 
disintegration  of  the  surrounding  mass. 

All  foundations,  of  whatever  kind,  should  be  made  perfectly  level 
(except  where  they  are  stepped)  before  they  receive  the  concrete  or  foolinss. 
ground  of  a  stony  or  rocky  nature  being  levelled  with  the  pick,  and  tht 
softer  kinds  well  rammed.  The  solid  ground  should  always  be  reiched; 
and  if  there  are  great  variations,  etc.,  arches  should  be  thrown  over  iwii 
places,  when  at  a  great  depth,  from  piers  built  on  the  solid.  If  a  solid 
stratum  be  reached,  with  an  inferior  one  below,  it  is  unadvisable  10  g" 
any  deeper,  if  that  solid  stratum  is  sufficiently  strong  to  carry  the  weigl" 
required. 

Where  the  nature  of  the  ground  will  not  allow  of  the  building  bei? 
built  on  it  with  safely,  concrete,  of  specified  and  adequate  depth  «A 
strength,  is  employed  in  the  trench  to  assist  the  natural  ground  by  di^ 
tribuling  the  weight. 

Different  SoiIb.— In  dealing  with  the  following  different  kinds  d 
ground,  it  must  be  understood  that  the  remarks  are  made  in  a  geneij) 
sense,  and  are  not  intended  to  lay  down  any  hard-and-fast  rule,  as  in  all 
cases  personal  inspection  of  the  site  is  absolutely  necessary  before  deciding 
on  any  points  with  regard  to  foundation  work. 

So/id  rock  in  foundations  cannot  lie  bettered  when  it  is  sound*'*' 
alike  all  over,  so  that  it  would  be  ridiculous  to  take  it  out  merely  to  repl»« 
it  by  an  inferior  article  such  as  concrete.  However,  the  bottom  shonW 
be  made  truly  level ;  or,  if  it  is  uneven  by  nature,  the  loose  infcric* 
portions  should  be  taken  out,  and  those  places  arched  over  to  and  fWn 
the  solid,  or  concrete  should  be  put  in,  lapping  at  the  joints. 

Gravel  is  the  next  best  and  most  suitable  soil  for  a  sound  foundation' 
and  where  it  is  sound  it  cannot  be  improved  upon,  though  when  it  i> 
loose  and  coarse  it  should  be  grouted  with  Has  lime  or  cemenI-mort>' 
of  required  strength,  according  to  circumstances,  or  otherwise  a  thin  b» 
of  concrete  may  be  put  in  the  trench  on  the  lop  of  the  gravel. 

Foundations  of  loose  gravel,  however,  are  apt  to  slip,  and  conscquenl'T 
the  sides  must  be  shored  by  one  or  other  of  the  following  methods: !" 
tolerably  good  ground  poling  boards,  in  size  about  9X2  inches  or  9  ><  J 
inches,  are  placed  at  intervals,  in  pairs,  on  each  side  of  the  trench,  a"" 
strutted   apart  by  stout   members,  small   pieces  of  scaffold  poles,  Iro"' 
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.inches  in  diameter  (as  fig.  904),  being  generally  sufficient  for  the 
!.  But  where  the  ground  is  looser  the  poling  boards  must  be 
close  together,    perpendicularly,  with   wa/ings,  which  are    placed 


jRlly  inside  them,  and  strutted  from  one  to  the  other,  at  intervals 
f  3  to  4  feet,  as  fig.  905  ;  the  poling  boards,  in  this  case,  varying 
1  to  J  inches  thick,  and  the  walings  being  usually  11x3  inches. 


F,g.305 


IimmDg  sand  it  will  be  obvious  that  it  is  impossible  to  wait  until 
ent  depth  has  been  dug  out  to  allow  of  vertical  poling  boards  being 
thout  the  sides  previously  slipping  in  ;  wherefore  skeeling,  as  shown 
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ia  fig.  906,  is  used,  laid  longitudinally,  and  secured  by  poling  bouds  and 
strutted,  as  in  the  first  instance  (fig.  904). 

Reverting  to  the  consideration  of  the  various  natural  grounds,  the  nea 


in  order  as  a  substantial  formation  is  a  good  hard,  sovnd  clay,  which  should 
lie  in  horizontal  strata,  as  a  dipping  clay  is  apt  to  slip  downwards  and  ran'* 
settlements.     It  is  necessary  that  clay  should  be  well  drained,  so  that  ll" 


rain  shall  not  have  time  to  affect  it  so  much  as  to  cause  any  considtnU* 
alteration ;  and  the  bottom  of  the  concrete,  or  top  of  the  clay,  should  b« 
at  such  a  depth  as  to  be  beyond  the  influence  of  heat,  as  it  is  well  known 
thai  the  sun  is  very  apt  to  cause  deep  and  frequent  cracks  in  clayey  ground. 
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ExcaTOtions  in  hard  clays  do  not  always  require  shoring,  though  it  is 
ad^nsabte  (0  adopt  that  precaution  in  the  case  of  the  weaker  kinds  of 
clay. 

Chalk,  from  its  nature,  is  a  very  uncertain  foundation ;  though  the 
harder  and  better  qualities  may  sometimes  be  as  good  as  rock,  while  the 
solder  kinds  are   always  very  bad,  and   liable  to  be  greatly  a&ected  by 


Sand,  in  whatever  form,  and  espedally  quicksand,  is  a  most  treacherous 
soil  for  foundations,  having  no  power  to  keep  itself  together,  as  it  were, 
so  that  it  must  not  be  taken  into  any  account.  The  best  course  is  to 
temove  it  by  excavation,  if  practicable,  and  replace  it  with  a  layer  of  con- 


I    op? 


Elcatia 
F.^  303 


*^ete.  Where  such  sand  and  other  boggy  and  soft  soils  are  present  and 
Of  considerable  depth,  so  that  the  bottom  thereof  cannot  be  reached 
*ithout  too  much  trouble  and  expense,  for  their  removal,  as  ought  to  be 
'lone,  platforms  of  wood  or  /ascirms  are  adopted  and  made  to  carry  the 
*hoic  building,  floating,  as  il  were,  on  die  top  of  the  sand ;  while,  in  the 
bener  qualities  of  this  loose  ground,  ///«  of  square  timber  of  considerable 
length  are  driven  down  to  a  solid  foundation. 

This  is  effected  by  means  of  heavy  weights,  called  monkeys  or  rams, 
being  directed  on  to  their  top  by  guides  held  up  by  framing,  as  shown  in 
GgB.  907,  908.  and  909,  the  weights  being  elevated  by  hand  or  by  suitable 
machinery  to  a  certain  adequate  height,  and  then  allowed  to  fall  on  the 
bead  of  the  pile,  which  is  encircled  by  a  wrought  iron  ring  lo  prevent  it 
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from  splitting  under  the  force  of  the  impact  j  while  the  bottom  or  poini 
of  the  pile  is  shod  with  an  iron-pointed  shoe,  as  fig.  910. 

These  piles  are  from  9  to  12  inches  square,  and  spaced  at  from 
1  to  3  or  4  feet  apart  in  each  direction,  as  shown  in  fig.  91 1,  being  driven 
firmly  into  the  solid  ground,  while  their  heads  are  connected  by  bearos 
of  timber  of  various  sizes  into  which  they  are  tenoned,  and  on  the* 


D     D     D 
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ana 


Fi^  910.  f,a  311. 

bearers  are  laid  the  wooden  planks. or  stone  slabbing  on  which  the  foundt 
tions  are  built,  as  in  fig.  912  ;  the  spaces  for  a  short  depth,  below  ami 
between  the  piles,  being  occasionally  dug  out  and  filled  with  conaeie  B 
make  one  solid  mass  at  the  top. 


fig  313 


F,g  3,4 


The  use  of  inverted  arches  for  the  distribution  of  the  weight  in  variaMe 
foundations  has  been  dealt  with  in  Chapter  III.,  to  which  the  student  11 
referred. 

Sewers — Seaxrs  are  large  drains,  which  are  of  a  size  beyond  the  limi' 
of  the  use  of  glazed  or  other  piping  for  the  purpose,  built  of  brick,  urf 
circular,  oval,  or  egg-shaped  in  section.     It  should  be  pointed  oulih*' 


:entring,  fodndations,  shoring,  scaffolding,  sewers.  353 

lazed  stoneware  pipes  are  now  made  in  sizes  up  to  3  feet  in  diameter, 
o  that  brick  sewers,  on  account  of  their  awkwardness,  would  not  be  built 
<r  any  sizes  below  this  limit,  to  supersede  piping. 

Therefore,  the  first  kind  of  brick  sewer  in  general  use  is  what  is 
slled  a  culvert  drain,  the  straight  sides  and  circular  bottom  being  built  of 
>rickwork,  either  4^  or  9  inches  thick,  and  corered  over  with  stone  slabs, 
IS  Ag.  913;  or  the  sewer  is  built  quite  circular  with  special  bricks,  as  fig. 
114 ;  though  this  is  the  more  awkward  method  of  the  two. 

Where  sewers,  built  on  the  above  lines,  are  of  such  large  dimensions 
Jiat  true  circles  would  take  up  too  much  room,  and  render  them  nearly 


n^.  315 


Hat  where  a  good  curve  to  the  invert  is  required  for  the  quick  flow  of 
•ewige,  they  are  built  egg-shaped,  as  fig.  915 ;  from  which  it  will  be  seen 
that  the  sewage,  whether  its  volume  be  great  or  small,  has  the  best  and 
»M«t  equal  chance  of  the  necessary  quick  flow  in  this  form,  whereas 
"1  the  circular  kind  this  cannot  be  the  case.  As  a  rule,  the  bottoms, 
*  invert  blocks,  should  not  be  of  more  than  9  inches  radius  (the 
•B&ller  the  better,  within  reason),  and  of  glazed  stoneware.  The  general 
*oportion  for  the  widths  and  heights  is  that  the  diameter  of  the  top  circle 
«  double  that  of  the  bottom  or  invert,  and  the  internal  height  from  bottow*. 
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to  top  three  times  that  diameter,  the  remaining  space  between  the  dreies 
at  the  side  walls  being  lined  in  with  arcs  tangential  to  both  circles. 

Shoring  and  Strutting.— S/ioring^,  as  applied  to  excavations,  \as 
Ijeen  dealt  with  previously;  and  it  is  now  proposed  to  give  ihc  student 
an  idea  of  shoring  to  buildings  which  require  additional  support,  when  the 
adjoining  or  part  of  their  own  property  has  been  pulled  down. 


H 


f/e  «((-<] 


ng.. 


r.ff  3/7. 


In  cases  where  large  openings  are  to  be  cut  into  main  walls  it  ii 
necessary  that  the  part  above  must  be  shored  while  the  girders  tocanj 
it  are  being  put  in.  This  is  done  by  means  of  struts,  posts,  or  legs,  raised 
perpendicularly  from  the  balk-sills  on  the  solid  ground  or  floor  mail 
iolid,  and  supporting  needles  going  through  holes  cut  above  the  height 
of  the  opening  reauired,  as  figs.  916  and  917,  the  whole  being  tighieocd 


Ftg   9IB 


up  by  wedges,  at  the  feet  of  the  posts,  as  shown  on  the  side  elevation. 
The  dotted  lines  show  the  proposed  position  of  the  girders  and  tt" 
opening  to  be  cut  in  the  wall  after  the  weight  above  has  been  secured  bj 
the  shoring,  which  is  generally  constructed  of  balk-timber  10  or  ir  incht* 
square,  as  required. 

The  joints,  as  in  all  strutting  or  shoring,  are  either  bolted  together  01 
secured  by  wrought  iron  dogs,  as  fig.  918,  driven  home  into  each  membei. 
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>ne  house  between  two  others  has  been  pulled  down  (which  is 
usual  occurrence)  a  temporary  timber  framing,  consisting  of 
sses,  is  built  between  the  two  from  wall  to  wall,  to  allow  each 
e  other,  as  it  were.  These  forms  of  course  vary  infinitely,  and 
ing  strengths,  according  to  the  spans  and  distances  apart,  if  the 
he  opening  requires  more  than  one  set  of  framing.  A  long 
laced  vertically  up  the  walls  of  each  house,  and  the  framing  is 
i  wedged  tight  between  them,  as  fig.  919  ;  or  where  one  house 


Fiff  313. 


Fig.  320. 


an  the  other,  and  the  width  requires  a  truss  similar  to  king  or 
ts  in  roofs,  they  are  treated  as  in  fig.  920,  though  the  work  can 
I  various  other  manners,  and  different  men  have  different  ideas 
ject. 

of  buildings  which  require  to  be  strutted,  and  end  houses  which 

strutted  from  another  building,  are  dealt  with   by  means  of 

w,  as  fig.  921,  with  long  timbers,  or  as  in  fig.  922,  with  short 

cured  by  boards  nailed  on  each  side,  and  bound  together  with 

The  butting  pieces  in  the  ground,  backed  up  by  the  vertical 
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post  solidly  driven  into  the  ground,  should  incline  at  right  angles  to  the 
pressure  of  the  chief  shore  or  strut.  Each  of  the  shores  is  secured  at 
the  top,  as  in  fig.  933,  a  hole  being  cut  into  the  upright  plank  and  wall, 
into  which  the  pin  or  needle  is  driven.  This  pin  is  assisted  by  a  cleat 
nailed  above  it,  and  the  shore  is  butted  up  and  wedged  against  it,  as 
shown. 

SoaflTolding. — Scaffolding,  as  familiar  to  eveo'body,  is  a  series  cf 
temporary  platforms,  raised  up,  as  the  building  increases  in  height,  to  allow 
the  men  to  work  from  them  at  various  stages,  and  store  their  materials 
for  immediate  use.    They  consist  of  poles,  ledgers,  putlogs,  boards,  cords. 
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and  wedges,  the  poles  being  the  upright  circular  members,  secured  in 
the  ground  about  9  feet  apart,  as  A,  on  ligs.  933  and  924.  The  ledgers.  B, 
running  longitudinally  at  every  different  rise  of  4  or  5  feet,  are  secured 
by  the  cords  18  feet  long,  bound  tightly  round  the  two  and  wedged  up. 
From  the  ledgers  to  and  into  holes  in  the  wall  (which  is  about  5  feet  away) 
the  putlogs  C  are  laid  every  few  feet  to  receive  the  boards  D,  which  foiO 
the  platform.  When  the  framing  is  of  any  height  it  is  braced,  as  shown  bf 
the  ordinary  scaffold  poles,  secured  by  the  cords,  and  wedged  like  the 
ledgers. 

Masonry  requires  stronger  scaffolding,  which  is,  therefore,  usnallf 
strengthened  for  the  purpose  by  the  use  of  3-inch  battens,  instead  of  ij- 
inch  planks,  to  form  the  platform;  and  also  it  will  not  allow  (^  putlogs 
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going  into  the  walls,  in  which  case  they  are  strutted  up  from  one  pUtfonn, 
oi  height,  or  putlog,  to  the  other,  by  planks  placed  against  the  wall. 

!□  Scotland  the  work  is  built  from  the  inside,  the  working  platfonns 
being  raised  from  floor  to  floor  as  the  work  proceeds. 

Gaiieri  scaffolds  are  little  used,  so  it  is  unnecessary  to  enter  into  pit- 
ticulars  about  them,  more  than  to  say  that  the  standards,  putlogs,  etc..  are 
made  by  bolting  deals  together,  the  whole  being  cross-braced,  and  boiled 
to  the  standards  and  to  one  another,  presenting  an  appearance  like  a 
ijuarry  floor  laid  diagonally. 


Fig  $2S 

Hoisting  Tackle. — Siones  are  lifted  and  set  into  position  in  the  notk 
by  means  of  ropes  and  pulleys  supported  by  i/iear-legs  (as  fig.  9^5),  "hid* 
are  scafibld  poles  let  into  or  bedded  in  the  ground  securely;  or  the  pullcj* 
are  secured  to  the  apex  of  two  poles  held  in  position  by  guy  ro|)«, 
fig.  926 ;  and  when  the  work  gets  beyond  the  use  of  these  methods,  abow 
the  ground,  derrick  cranes  are  employed  to  hoist  up  all  materials  and 
to  bed  stones,  though  they  are  often  used  on  the  ground  floor  in  jibce 
of  shear  tegs  or  guy  ropes  and  poles.  They  consist  of  two  legs,  fftm 
platforms  or  beds,  fixed  on  the  various  floors  sufficiently  weighted  W 
prevent  any  slipping  out,  inclining  up  to  an  apex  to  which  an  upright  0 
raised  from  another  platform  immediately  under  the  apex,  on  which  al* 
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H   3£ 

^H  stands  the  apparatus  for  winding  up  the  chain,  which  goes  up  to  the 
^H  apex  and  thence  to  the  end  of  the  derrick  or  gib,  which  is  hinged  at  the 
^H     bottom  of  the  foot  of  the  post  beside  the  winding  apparatus,  as  shown 

r 


through  a  pulley  at  its  top,  the  chain  to  lift  the  stones  s  worked  from  the 
winding  apparatus. 

When  the  stones  are  too  heavy  for  ordinary  derrick  cranes  travellcis 
have  to  be  constructed,  consisting  of  strong  platforms  made  of  balk-timber 
raised  on  each  side  of  the  wall  up  to  a  height  so  that  a  trussed  beam  from 
one  lo  the  other  can  work  or  tra\'el  along  above  the  required  height  of 
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the  wall.  These  trussed  beams — for  they  are  in  pairs — run  on  wheels  on 
rails  fixed  on  the  upper  face  of  the  top  beams  of  the  framing  on  each 
side  ;  and  they  support  the  jenny  or  crab  which  runs  across,  from  side  to 
side,  on  wheels  guided  by  rails  on  the  trussed  beams. 


Fig.S2$. 


The  jenny  is  used  for  hoisting  the  stones,  and  can  be  moved  to  any 
position  along  the  traveller  beams,  which  in  themselves  can  be  worked 
along  the  side  framing,  as  the  sketch  will  indicate  (see  fig.  928). 

'Xlie  stones  lifted  by  either  of  the  above  methods  are  grasped  by 
nlppd^  as  fig-  929 ;  and  also  with  a  round  .block,  as  fig.  930,  on  one 
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side,  whenever  the  face  might  be  injured  by  the  nippers  tightening  when 
the  weight  hangs  on  them. 

Another  method  is  to  cut  a  mortise  in  the  top  bed  of  the  stone,  and 
insert  a  Letvis^  as  fig.  931,  which,  it  will  be  seen,  is  dovetailed  in,  and 
secured  to  the  chain  or  rope. 


Fig.93L 

Underpinning  is  the  building  of  walls  underneath  an  existing  wall, 
or  structure,  such  as  cellar-walls  below  a  building  where  there  has  been 
no  cellar  previously.  These  works  require  great  care,  so  that  settlements 
or  the  collapse  of  the  building  are  guarded  against ;  and  with  this  view  all 
underpinning  should  be  done  in  cement-mortar,  and  in  very  short  lengths, 
2  or  3  lineal  feet  only  of  excavation  being  taken  out  at  a  time,  and  the 
work  built  up  and  wedged  tightly  and  completely  to  the  existing  wall 
above  before  any  more  earth  is  taken  out  from  under  the  wall  further  on. 


CHAPTER    XXIII. 

MISCELLANEOUS     MATERIALS. 


sold 
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It  is  proposed  in  this  chapter  to  deal  with  certain  building  materials 
which  have  not  been  treated  of  in  (as  It  were)  their  proper  places,  in 
reference  to  their  apphcatioti  and  use. 

Asphalte. — Asphalte  is  a  limestone  saturated  with  naphtha,  found  in  a 
natural  state  on  the  Continent  at  places  enumerated  below.  It  can  also 
be  made  artificially  by  a  combination  of  bitumen  (in  the  form  o{ ptUh) 
« itb  other  solid  matter.  The  natural  asphalte  is  generally  ground  and  run 
.nto  moulds,  with  sand  and  a  little  pitch  (when  it  is  called  mastic),  and 
X)Id  in  small  blocks  containing  a  little  more  than  a  cubic  foot.  It  is  made 
for  use  by  being  melted  in  a  furnace  and  applied  on  the  walls  while 
and  as  it  has  the  qualities  of  being  rrosi-proof,  damp-proof,  and 
proof  (up  to  a  certain  degree),  it  can  be  used  for  damp  courses,  for 
protecting  damp  walls,  covering  roofs,  and  for  baths,  skirtings,  and  street 
paving.  It  should  be  laid  by  experienced  worltmen,  in  layers  from  \  to 
1  inch  thick,  and  rubbed  to  a  smooth  surface,  on  a  suitable  bed  of  concrete, 

[floated  to  a  smooth  level  top,  as  a  foundation  for  the  work. 
Of  the  various  kinds  of  asphalte  in  the  market  the  following  are  the 
ief:— 
Ummtr,  found  near  Hanover  in  a  natural  state,  and  used  for  general 
tie  usual  way. 
SejfSte/,  or  Claridge's  asphalte,  as  it  is  called,  is  found  in  the  Jura  moun- 
ns,  near  Pyrmont-Seyssel,  on  the  eastern  frontier  of  France,  in  a  rocky 
state,  containing  about  90  per  cent,  of  carbonate  of  lime  and  10  per  cent- 
of  bitumen.     There  are  three  qualities  of  it— the  fine,  fine-gritted,  and 
se-griiied — used  for  the  different  kinds  of  work  previously  enumerated. 
Vai-4e-Trav€rs  asphalte  is  found  near  Neufchatel,  in  Switzerland,  in  a 
containing  from  \i  to  so  per  cent,  of  bitumen,  which  renders  it  a 
1-class  asphalte,  and  suitable  for  the  best  work. 

J6l 
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Asphalte  damp  courses  are  often  made  by  mixtures  containing  coal-tar 
pitch  and  real  pitch,  in  the  original  natural  form  of  bitumen,  the  material 
which  makes  the  limestone  rock  asphaltic,  and  which  is  found  in  its  pure 
state  in  Palestine,  near  the  Dead  Sea,  and  also  in  the  island  of  Trinidad. 

Granite. — Granite  is  an  igneous  rock,  containing  quartz,  feldspar,  and 
mica,  usually  in  the  proportions  of  about  5,  4,  and  i  respectively.  Found 
in  Scotland  at  Peterhead  and  Aberdeen,  in  Aberdeenshire,  and  in  Kirk- 
cudbrightshire ;  while  in  England  it  is  found  at  Mount  Sorrel,  in  Leicester- 
shire, and  several  places  in  Devon  and  Cornwall. 

The  quality  of  the  granite  depends  on  the  quartz,  both  for  hardness 
and  durability,  while  the  feldspar  gives  it  its  colour,  and  has  a  great  effect 
on  its  weathering  properties,  bad  feldspar  causing  the  disintegration  of  the 
mass.  The  mica,  though  in  small  quantity,  is  a  source  of  weakness,  and 
must  not  be  taken  into  account,  except  when  there  is  too  much  of  it 

Granite  is  quarried  by  blasting  and  wedging;  it  is  dressed  in  the 
quarry,  because  it  is  so  hard  when  it  loses  its  sap,  and  it  is  capable  of 
taking  a  high  degree  of  polish.  It  is  used  chiefly  for  ornamental  purposes 
in  the  building  trade,  principally  for  shafts  or  columns  and  bases  to  large 
buildings.  The  Leicestershire  granite  is  of  a  pink  colour ;  the  Devon  and 
Cornwall  varieties  are  chiefly  grey;  and  the  Scotch  kinds  either  red  or 
grey ;  while  Syenite,  or  Syenitic  granite  (found  in  Egypt,  and  containing 
hornblende  instead  of  mica  in  the  first  instance,  and,  in  addition  to  the 
quartz,  feldspar  and  mica),  is  darker  in  colour  owing  to  the  hornblende, 
and  tougher  than  the  British  varieties. 

Lime  and  Cements  are  the  products  of  limestones  of  various 
composition,  burnt  in  kilns  by  calcination,  as  it  is  called. 

Lime. — Pure  lime,  in  itself,  has  neither  power  of  setting  nor  ultimate 
strength,  and  it  is  only  when  combined  with  clay  and  burnt  that  it  is  of 
value  as  a  building  material.  The  presence  of  clay,  up  to  a  certain  per- 
centage, regulates  the  value  of  its  strength  and  setting  power,  a  pure, 
rich,  or  fat  lime  (as  explained  and  used  for  plastering)  containing  little 
or  no  clay,  which  allows  it  to  slake  at  once  with  a  loud  crackling  noise 
and  considerable  steam.  It  is  only  fit  for  plastering  and  other  sanitary 
purposes,  and  can  be  made  out  of  most  pure  limestones,  including  the 
Bath  and  Portland  varieties,  marble,  and  chalk. 

Poor  lime  is  the  next  degree,  containing  from  80  to  90  per  cent  of 
carbonate  of  lime,  with  a  residue  of  sand,  and  other  qualities  which  give  it 
no  hydraulic  properties,  as  its  power  of  setting  under  damp  conditions  and 
in  water  is  called.  It  i  may  be  termed  a  useless  variety  as  compared  with 
the  others,  considering  that  it  slakes  sluggishly  and  imperfectly,  which 
makes  it  valueless  for  plastering ;  while  for  mortar  it  is  worse  than  "  fat " 
lime,  because  it  will  neither  increase  so  much  by  slaking,  nor  take  such 
a  quantity  of  sand,  being  neither  one  thing  nor  the  other.     Rich  and  poor 
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limes  never  set  hard,  though  sometimes  they  may  harden  a  little  on  the 
exterior  only. 

The  first  best,  as  a  good,  quick-setting,  and  strong  lime,  is  called  a 
ftehly  kydraulU  lime,  containing  80  to  90  per  cent,  of  carbonate  of  lime 
and  8  or  10  per  cent,  of  clay,  which  are  the  required  ingredients.  The 
small  amount  in  which  it  is  present  in  this  kind  is  not  as  much  as 
wanted,  though  its  slaking  may  be  considerably  reduced.  The  clay  1 
required  to  such  an  extent  that  its  silica  and  alumina  will  take  up  in 
combination  most  of  the  lime,  forming  silicates  and  aluminales  of  lime,  the 
rormer  being  formed  at  an  early  stage  of  the  burning,  and  the  latter  after 
subjection  to  a  considerable  degree  of  heat ;  and  it  is  this  fact  which 
makes  it  necessary  that  the  stronger  limes  and  cements  should  be  the 
tDore  burnt. 

This  combination  reaches  its  state  of  perfection  (as  about  to  be 
explained),  and  then  it  declines  in  efficiency  and  value,  owing  to  the 
presence  of  too  much  clay. 

HydraulU  limes,  the  fourth  class,  contain  from  15  to  20  per  cent,  of 
day,  which  takes  some  time  before  it  begins  to  slake,  and  then  only  in  a 
small  degree.  It  sets  in  about  a  week,  and  is  fairly  strong.  It  is  the 
product  of  grey  chalk,  found  in  Sussex  and  Surrey, 

An  tmintnlly  hydraulic  lime  contains  from  to  to  30  per  cent,  of  clay, 
of  a  greenish -yellow  colour,  found  in  the  lias  lime  formations  at  Barrow- 
_    'Soar,  in  Leicestershire  ;  Rugby  and  Stockton,  in  AVarwicltshire  j  Whitby, 
In  Yorkshire;  Lyme  Regis,  in  Dorset;  and  Holywell,  in  Wales,     It  seta 
hard  and  quickly,  and  is  very  ditficult  to  slake. 

When  the  clay  is  mixed  with  the  lime  in  a  natural  state,  or  otherwise 
artificially  in  the  proportion  of  r  and  a,  the  resulting  combination  of 
chemicals  obtained  at  a  great  heat  is  called  a  cenunt,  the  Portland  variety 
being  the  best,  of  which  there  are  two  different  kinds,  slow  and  quick 
setting — the  former  being  heavy  and  the  latter  light  in  weighL 

Ctment. — Generally  speaking,  cement  is  made  from  cement-stones  or 
pebbles,  containing  from  30  to  35  per  cent,  of  clay,   which  proportion 
is  the  best  for  the  complete  combination  of  the  different  constituents,  as 
iously  pointed  out. 

This  natural  cement  is  made  chiefly  at  Rugby  and  Stockton,  in 
'an»ickshire,  and  in  Kent;  while  artificial  varieties  are  made  in  different 
"puts  of  the  country  (principally  in  the  south)  from  a  mixture  of  white 
chalk  and  unbumt  clay,  in  the  proportion  of  about  i  to  i,  which  b 
calcined  at  a  very  high  temperature  to  produce  a  heavy,  slow-setting 
cement. 

Good  cement  should  be  of  a  very  fine  powder,  leaving  no  more  than 
10  per  cent,  residue  when  sifted  through  a  sieve  of  1,500  meshes  per  square 
JBirh      It  should  be  clean  and  cool  to  the  arm  when  thrust  into  it,  and 
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it  may  be  either  quick  or  slow-setting — the  slower  it  is  the  stronger  it 
ultimately  becomes,  weighing  up  to  120  lbs.  per  striked  bushel ;  while  the 
quick-setting  quality  weighs  from  95  lbs,  to  iii  lbs.  per  bushel.  Ii  is 
cipable  of  bearing  a  tensile  strain  of  350  lbs.  pet  inch  superficial,  and  is 
of  a  greenish-grey  colour  ;  a  brown  tint  indicating  excess  of  clay,  and  blue 
excess  of  lime.     It  should  be  stored  on  wooden  floors  in  dry  sheds. 

Jioman  cement  contains  too  much  clay  (from  30  to  45  per  cent.), 
producing  a  brown  quick-setting  material,  weighing  no  more  than  J5  lbs. 
per  striked  bushel,  and  of  little  ultimate  strength  compared  with  PortiawJ. 
It  is  useful,  however,  in  work  which  has  to  be  done  quickly,  such 
as  sea-walls,  etc.,  requiring  that  the  work  should  set  in  tlie  intervil 
between  tides. 

Selenitic  is  a  patent  artificial  cement,  made  from  lias  hme,  by  the 
admixture  of  plaster-of-Paris  or  a  sulphate  of  lime,  which  stops  all  slaking, 
and  makes  the  cement  set  quicker,  with  a  greater  proportion  of  smuJ, 
without  apparent  loss  of  strength. 

Pore  and  poor  limes  are  sold  in  lumps  by  the  ton  ;  lias  limes  in  laoipi 
or  in  bags,  when  ground  for  concrete  purposes;  while  cements  are  sold 
either  in  bags  or  casks. 

Burning  Lime,  of  whatever  quality  of  the  stone  or  lias  kinds,  is 
burnt  in  clamps  or  kilns  of  both  Tunnel  and  Fiare  varieties,  on  both  the 
intermittent  and  continuous  systems ;  while  cements  are  burnt  in  conicaUy 
shaped,  brick-lined  kilns,  as  they  require  much  more  heat. 

Clamps  are  very  little  used,  as  they  are  a  poor  and  expensive  way  of 
working  ;  the  lime  and  fuel  being  placed  in  the  damps  in  alternate  layers, 
and  covered  over  with  some  materia!  to  keep  in  the  heat. 

Tunnel  kilns  are  of  different  sections,  on  the  continuous  principle ;  til* 
lime  and  coal  being  added  from  time  to  time  through  an  orifice  at  the  lop^ 
heated  gradually,  and  abstracted,  as  it  gets  down  in  parts,  from  a  boleal 
the  bottom  and  away  from  the  fire;  while  ^li/r  kiins  are  on  the  inter- 
mittent system,  the  usual  cylindrical  brick-lined  spaces  being  filled  ■i'l' 
lime  and  fuel,  and  burnt  all  together,  emptied,  and  then  refilled. 

Mortar  is  a  mixture  of  sand  with  lime  or  cement  in  various  propo> 
lions,  according  to  requirements,  to  bind  together  the  solid  materials  used 
in  a  building. 

Limes  should  be  first  thoroughly  slaked,  and  then  mixed  in  a  mortB' 
mill  with  certain  proportions  of  sand,  ashes,  brick,  or  stone  dust,  etc  ,  beinj 
thoroughly  ground  and  amalgamated  together,  When  mixed  by  hand  tai* 
should  be  taken  that  the  lime  and  sand  are  screened,  in  order  to  sepjral'^ 
all  large  lumps,  etc.,  before  the  water  is  added  to  make  it  into  the  crcan))' 
mass  required,  no  more  being  mixed  under  any  circumstances  than  u 
required  for  the  day's  consumption. 

Cement  is  generally  mixed,  by  hand,  with  very  clean,  sharp  sand' 
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I  must  be  washed  if  necessary,  though,  on  large  buildings, 
Ked  by  machinery ;  and  although  lime-mortar  made  by  hand 
hat  made  by  machinery,  cement-mortar  is  not  affected  either 
he  other,  on  account  of  its  fineness  of  grit  and  freedom 

proportion  for  ordinary  work,  under  no  special  circumstances. 

Pure  lime         •         .         i  part  to  3  parts  of  sand. 
c  lime        .         •        •         I       „      2  to  3  parts  of  sand. 

cement     .        .        .         i       »      3  ^o  5      »        »» 

I       „      I  part  of  sand. 
I       „      4  to  6  parts  of  sand. 


»> 


. — Concrete  is  a  mixture  of  gravel,  broken  stone,  slag,  or 

agglomerate  or  aggregate^   with   either    ground    lias    lime, 

Selenitic  cements,  known  as  the  matrix  when  mixed  with 

used  in  bad  or  uncertain  soils  to  form  a  sound  foundation 

structure,  also  for  fireproof  arches,  and  coverings   to  the 

floors,  to  keep  out  damp  and  receive  layers  of  hard  floors. 

)rtions  in  which  the  agglomerate  and  matrix  are  mixed  vary 

according  to  the  weight  of  the  proposed  superincumbent 

materials  of  which  it  is  made.     The  usual  admixtures  are  : 

:  lias  lime  to  from  3  to  5  parts  of  ballast  or  agglomerate, 

id,  gravel,  slag,  brickbats,  etc. ;  i  part  of  Portland  cement  to 

!"  ballast,  etc. ;  or  i  part  of  Selenitic  cement  to  from  6  to  8 

ic,  consisting  of  the  sand  and  cement,  or  lime,  is  often  mixed 
first,  and  then  poured  on  to  the  agglomerate  on  a  wooden 
which  the  whole  is  turned  over  and  thoroughly  incorporated. 
;  lime  or  cement  is  thoroughly  mixed  with  the  agglomerate 
er  which  the  water  is  added,  and  it  is  again  turned  over 
for  the  second  mixing. 

ig  being  done,  the  resulting  concrete  is  either  wheeled  and 
le  trenches  from  a  height,  or  laid  in  gently  from  buckets, 
the  process  being  followed  by  careful  ramming  together  and 

stones  should  be  allowed  in  the  agglomerate  or  aggregate. 
Crete  foundations  should  be  small  enough  to  pass  through  a 
in  diameter ;  while  those  for  arches,  lintels,  and  other  special 
»s  through  a  ring  i  \  inches  in  diameter. 
-Marbles  are  pure  limestones,  of  very  hard  and  compact 
Ig  in  colour,  and  capable  of  taking  a  high  polish.  They  are 
jnshire,  Dorsetshire,  Scotland,  and  Ireland ;  while  consider- 
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able  quantities  come  from  the  continent  of  Europe,  and  elsewhere-  As 
a  building  material  marble  is  chiefly  used  for  ornamcnlal  purposes,  in  iD< 
ternal  work  only,  such  as  columns,  staircases,  chimneypieces,  and  (he  like, 

Serpentine  is  a  similar  kind  of  material,  used  for  similar  purposes,  but 
much  softer  in  its  nature,  though  com|>act,  and  capable  ofreceii'ing  J 
first-class  polish.  It  is  of  various  colours,  in  streaky  forms,  from  wliichit 
derives  its  name ;  and  it  belongs  to  the  igneous  rock  formation,  partaking 
of  the  nature  of  a  granite  or  porphyry,  and  is  Ibund  near  the  Lizard,  oa 
the  south  coast  of  England.  When  free  from  white  streaks  it  is  suilaljle 
for  external  ornament,  though  better  adapted  for  internal  work. 

Trap  or  Whinstone  is  a  hard  mixture  of  feldspar  and  hornblemk, 
of  a  crystalline  nature,  very  tough,  a-nd  of  a  green  or  black  cokiar, 
used  for  setts,  paving,  road-metal,  etc.  The  best  quality  is  found  in 
Northumberland ;  at  Penmaenmawr,  in  Wales ;  and  in  Scotland. 

Terra-cotta. — Terra-cotta,  a  substitute  for  stone,  for  dressings  W 
buildings,  is  the  product  of  a  rich  clay  found  in  several  parts  of  the  counBTi 
especially  at  Ruabon,  Rowley  Regis,  and  Tamworth.  It  is  made  bf 
mixing  several  kinds  of  clays  with  ground  glass  or  pottery  to  prevenl 
shrinkage.  The  mass  is  ground  to  a  powder,  mixed  in  water,  finflf 
strained,  kneaded,  and  then  cast  into  moulds  of  the  required  patterns,  etc. 
then  dried  and  baked  in  domed  kilns,  at  a  very  high  temperature,  uxl 
gradually  cooled. 

It  may  be  either  of  a  rich  red,  pink,  or  buff  colour,  according  to  the 
presence  of  iron,  the  light  varieties  indicating  insufficient  burning,  and  a 
green  lint  a  bad  material,  which  will  be  very  absorbent.  The  blocks  in 
which  terra-cotta  is  made  are  cast  hollow,  soaked  in  water,  and  £ll6^ 
in  with  fine  concrete  before  being  set  in  position  in  a  similar  manner  W 
stonework.  Terra-cotta  has  the  advantages  of  great  durability  and  IwO' 
ness,  combined  with  cheapness  and  light  weight;  but  against  these  must 
beset  the  fact  that  the  unequal  shrinkage,  caused  in  the  burning  by  ihc 
nature  of  the  mixture,  is  apt  to  prevent  the  work,  especially  mouldings 
carrjing  good  lines. 

ArtificiEil  Stonee  are  made,  generally  speaking,  of  finely  ground  stone. 
ballast,  and  sand,  mixed  with  Portland  cement  or  other  setting  materials. 

Victoria  or  silicated  s,lone  consists  of  granite  dust  and  Portland  cemeu*' 
mixed  to  a  paste,  cast  into  moulds,  dried  and  immersed  in  a  silicate  of  an 
alkali  to  give  it  a  hard,  durable,  and  stronger  weathering  face.  1'  ** 
principally  used  for  pavings,  as  a  substitute  for  the  Yorkshire  stones,  fo* 
sills,  copings,  landings,  steps,  etc.,  because  it  is  a  cheaper  article. 

Apoenite  and  Ransoini^s  Patent  Stone  are  similar  materials ;  the  fonn^ 
being  made,  in  the  first  instance,  from  a  mixture  of  sand,  silicate,  and  PorllaiK* 
cement,  while  "  Ransome's  "  variety  is  made  from  sand,  silicate,  and  chslK^ 
mixed  to  a  paste,  cast  into  moulds,  and  immersed  in  chloride  of  calaog^ 
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h  kinds  are  greatly  used  for  steps,  landings,  pavings,  and  all  other 
poses  where  natural  stones  are  used.  They  have  the  advantages  of 
ig  cheap,  requiring  little  labour,  are  non-absorbent,  of  great  tensile  and 
apressive  strength,  and  light  weight. 

Peters^  Patent  Artificial  Sandstone  can  be  made  of  any  colour  and  of 
in  according  to  the  sand  used  in  its  preparation.  It  can  be  made  in 
1  district,  and  not  necessarily  at  the  manufactory,  the  quality  and 
sngth  of  the  stone  as  at  present  ascertained  being  everything  that  can 
desired 

Pozzaolana  is  a  substitute  for  sand,  of  a  clayey  and  ashy  nature, 
md  in  Italy,  in  the  neighbourhood  of  volcanoes,  and  is  mixed  with  lime 
make  mortars  and  water  cements. 


-  > 


It  is  only  proposed,  in  this  chapter  (which  is  a  preliminaiy  B 
Chapter  XXV.,  where  the  subject  is  more  fully  discussed),  lo  deal 
with  the  above  subject  as  far  as  the  syllabus  of  the  advanced  couise 
requires  the  student  to  go  in  that  stage  ;  and,  as  a  necessary  prelimiwf' 
art  explanation  will  first  be  given  of  the  general  terms  in  use. 

Definitions. — Different  kinds  of  loads  cause  different  stresses  W 
structures,  producing  different  strains,  which  the  principle  of  equilibrium 
demands  shall  be  met  by  reactions  of  corresponding  power,  to  resist  thiw 
actions  successfully.     The  stress  is  the  power  of  the  load. 

Thus,  one  man  may  push  another  against  a  wall  with  such  force 
(equivalent  to  a  load)  as  to  cause  a  compressive  stress,  acting  in  a  manner 
likely  to  crush  him,  unless  he  can  call  forth  a  reaction  on  his  own  panto 
resist  the  strain  which  that  stress  or  action  of  pushing  puts  on  his  strength, 
and  to  prevent  his  being  crushed  against  the  wall. 

Or,  a  team  of  men  in  a  tug  of  war,  Ijy  pulling,  cause  a  tensile  strca 
which  produces  a  strain  on  the  other  team,  who  must  have  the  poncr  to 
resist  the  strain  imposed  on  them  by  such  stress,  or  else  they  will  be  drawn 
over  the  line. 

t?r,  again,  the  blades  of  a  pair  of  scissors  meeting,  with  a  piece  of 
material  between  them,  cause  a  shearing  stress,  or  action  tending  «> 
shear  or  cut  that  material  in  two,  unless  it  has  the  nature  or  power  W 
set  in  a  reaction,  lending  to  resist  or  counterbalance  the  strain  put  upon 
it  by  such  action  or  stress. 

Having  shown  the  student  the  application  of  the  general  terms,  <" 
explanation  of  each  one  individually,  with  the  various  forms  it  takes,  will 
be  given  in  detail. 

Loads. — A  load  is  the  weight  or  power  of  the  external  forces  acting  <" 
a  certain  structure,  together  with  the  weight  of  the  structure  itself;  ^ 
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lay  be  either  a  live  or  a  dead  load,  the  whole  of  which  is  either 

:entrated  at  any  one  point,  or  at  any  number  of  points  on   the 

:ture,  or  it  is  distributed  equally  over  the  whole,   or  any  part,   of 

same. 

A  live  load  is  a  moving  force  applied  suddenly  and  intermittently, 

)tnpanied  by  shocks  and  vibrations ;   such  as  a  train  going   over  a 

ige,  a  sudden  gust  of  wind  on  a  roof,  or  a  weight  falling  suddenly  on 

iam  or  floor ;  while 

A  dead  load  consists  of  a  force  or  weight  of  a  continuous  nature, 

lied  gradually  and  remaining ;  such  as  solid  independent  and  unsup^ 

ting  walls  on  breastsummers,  materials  stored  on  warehouse  floors,  etc. 

It  has  been  proved  that  live  loads  produce  twice  as  great  strains  as 

d  loads  of  equal  weight  or  force ;  therefore  structures  will  carry  twice 

Quch  dead  load  as  live  load. 

A  breaking  load  is  that  which  is  so  great  as  to  produce  fracture  to 

structure,  while  a  safe  or  working  load  is  that  which  a  structure  will 

)^  with  safety  and  without  any  apparent  risk.     A  safe  or  working  load, 

iing  a  stress,  is  generally  one-fifth  of  that  of  the  breaking  load.     The 

>  between  the  two,  as  one  and  five  in  this  instance,  is  called  the 

^or  of  safety, 

Stresses  are  the  actions  or  forces  which  cause  the  strain,  and  are  of 

lifierent  kinds,  including  : — 

'Compressive,"  "tensile,"  "shearing,"  "transverse,"  "bearing,"  and 

"sional "  stresses,  the  latter  of  which  will  not  be  dealt  with,  as  it  is  not 

with  in  buildings. 

Compressive  stress  is  that  which  crushes  a  thing,  causing  a  strain  of 

pression,  especially  present  in  columns  and  posts  of  buildings,  while 

struts  in  roof  trusses  are  generally  subject  to  it. 

Tensile  stress  has  a  tendency  to  pull  out  or  tear  a  material  asunder,  and 

let  with  in  all  ties  and  suspenders,  in  roof  trusses,  and  other  framed 

ctures.     A   simple   method  to  distinguish  between  compressive  and 

ile  stresses  is  to  consider  whether  a  piece  of  string  or  rope,  of  a 

ible  nature,  could  be  substituted  for  the  member  without  detriment  to 

structure,  neglecting,  of  course,  the  amount  of  the  stress.     If  rope  or 

)g  would  answer  the  same  purpose,  it  may  be  regarded  as  certain  that 

member  is  in  tension ;  and  if  not,  it  may  be  taken  for  granted  that, 

rdinary  roof-structures,  the  member  is  in  compression. 

Shearing  is  that  stress  which  shears  or  cuts  the  body,  and  is  especially 

ticable  to  riveted  joints,  where  one  plate  slips  along  the  other,  cutting, 

hearing  in  two  the  rivets  which  connect  them.     The  web  of  ordinary 

ers  is  subject  to  shearing,  inasmuch  as  the  top  flange  being  in  com- 

»ion  and  the  bottom  in  tension,  or  vice  versd,  the  two  stresses  have 

ndency  to  draw  together  like  the  two  blades  of  a  pair  of  scissors 
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Transversi  stresses  are  met  with  in  the  bearing  members  of  a  strucliir^ 
such  as  lintels,  joists,  rafters,  and  hrcastsummers,  on  which  the  stress  hn 
a  tendency  to  bend  the  member  and  break  it  across,  if  it  has  not  suffidenl 
power  in  itself  to  resist  the  strain  put  upon  it  by  the  action  or  stress  caused 
by  the  load. 

Bearing  stress  may  he  said  to  be  the  opposite  of  shearing,  as  the  actiM 
on  the  plates,  caused  by  the  successful  resistance  of  the  rivets  to  being  cm 
in  two,  results  in  the  rivets  cutting  into  the  plates  compressing  or  sttetching 
them  {when  of  insufficient  strength),  so  that  the  rivet  holes  are  enlarged. 

Shearing  aStcis  rivets,  and  fiearing  the  plates,  in  riveted  joints, 

Keaotions.^The  principle  of  etjuiiibrium  demands,  for  the  sake  of 
stability,  that  the  strains  which  these  stresses  impose  upon  structures  and 
their  different  members  shall  be  met  by  a  resistance  in  the  nature  ami 
strength   of  the  materials  capable  of  withstanding   those  strains.    Thek 


H 
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actiuns  must  be  met  by  corresponding  reactions,  which  are  located,  a'tk 
were,  at  the  points  of  support. 

For  instance,  a  girder,  weighing  i  ton,  and  carrying  a  load  of  i 
is  supported  by  two  columns,  which,  it  is  obvious,  must  be  of  suffici«*M 
strength  to  be  able  to  keep  up  or  resist  between  ihem  the  la  lonsrfE 
pressure  or  strain  which  the  stress  or  action  of  the  load  imposes  up*  I 
them ;  or,  reverting  to  the  "  tug  of  war,"  the  competing  teams  mtisl  ^  i 
evenly  balanced  to  keep  in  equilibrium,  thus  making  it  clear  thai  aciwni  I 
must  be  met  by  reactions  of  equal  or  greater  strength  in  order  thai  l"! 
la'.ter  may  succeed  or  hold  their  own. 

When  a  girder  is  uniformly  loaded,  or  carries  its  load  in  the  centre,  il 
is  obvious  that  each  support  will   carry   an  equal  proportion  : 
the    two   reactions   required    to   meet    the    strain    on    the    suppons  m 
together   be   equivalent   to    the   load,    and    of  equal  (or  greater)  ;■ 
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Thus,  a  girder,  weighing  i  ton,  and  carr}Mng  it  tons,  either  at  its 
centre,  as  fig.  932,  or  uniformly  distributed  over  its  whole  length,  as 
fig.  933  (the  total  load,  or  external  force,  being  12  tons),  brings  about 
an  action  of  6  tons  at  each  support,  and  each  of  these  has  to  be  met 
by  a  reaction  of  an  upward  tendency,  equivalent  (at  least)  to  6  tons, 
to  prevent  the  columns  being  crushed  down  by  those  loads. 

When  these  loads,  however,  are  placed  in  di£ferent  positions  at  unequal 
distances  from  the  supports,  it  is  plain  that  the  stress  from  the  loads  acts 
unequally  on  the  supports ;  that  nearest  the  load,  of  course,  taking  the 
lion's  share. 

In  such  cases  the  principle  employed  in  ascertaining  the  amount  of 
strain  imposed  on  each  support  is  that  of  "  proportion,"  as  regulated  by 
the  different  lengths  into  which  the  girder  is  divided  by  the  load.     Thus  a 


girder  20  feet  long,  with  a  load  of  10  tons  5  feet  from  one  of  the  supports 
^15  feet  from  the  other,  would  transmit  its  load  to  the  supports  in  the 
froportion  of  5  and  15,  the  one  nearest  to  the  load,  of  course,  taking 
*e  15  parts— 1.^.,  three-quarters  (as  fig.  934).  The  rule  for  calculating 
4e  reactions  required  is  therefore :  "  Multiply  the  load  by  its  distance 
*0m  the  other  support,  and  divide  by  the  span,*'  to  give  the  reaction. 
*^us: — 


tons  feet 

Reaction  at  A 

10x5 
""      20 

^ 

50 
20 

:= 

3) 

tons' 

Reaction  at  B 

10/  15 

__ 

150 

— . 

7* 

It 

=  10  tons. 


^1^  sum  of  the  two  reactions,  as  calculated,  should  be  exactly  the  same  as 
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When  two  or  more  loads  are  placed  on  one  girder,  each  load  must 
dealt  with  separately,  as  shown  below  in  reference  to  fig.  935,  wt 


> 


;c 


illustrates  a  girder  lo  feet  long,  loaded  with  6  tons  at  a  point  s  <"«'  f'*"" 
4  tons  4  feet  from  B,  and  S  tons  in  the  centre,  making,  in  all,  a  lo>'> 
18  tons  to  be  carried  by  the  two  supports  in  the  proportions  asceriainf*'- 
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Reaction  A, 

tons.  feet. 

Necessary  for  load  of  6  tons 

6x15         90 

=  -20     =^  =  44  tons 

»»              »t      ^    »» 

8x  10       80 
20     ""  20  ~  4     »» 

>  9A  tons. 

»>               »»       4    »» 

_   4x4        >6  _    4 

20          20                   > 

Reaction  B, 

Necessary  /0  comj^eU  load  \ 

of  6  tons/ 

6x5         30          .          ^ 
20           20        **    " 

»» 


»> 


»» 


8    ,.       = 


8x  10 


20 


80 
20 


~  20  ""  4     »»     r  8^V  tons. 


_  4x16       64  _ 
6  tons  +  4  tons  +  8  tons  =  total  of  18  tons 


(YTYTrrrfYTTTrrrYY^ 
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With  regard  to  cantilevers,  which  have  only  one  support,  the  reaction 
required  is  the  same  as  the  load  to  be  carried  by  the  cantilever,  together 
with  its  own  weight. 

It  will  have  been  noticed  that  the  principle  of  "  leverage "  plays  ^i 
conspicuous  part  in  the  proportioning  of  the  loads  to  the  supports  and 
their  necessary  reactions  ;  and  it  is  this  same  principle,  in  a  different  form, 
which  gives  us  the  undoubted  and  undisputed  fact  that  concentrated  loads 
cause  double  the  stress  and  strain  of  the  same  load  uniformly  distributed ; 
each  part  of  the  latter  load,  nearer  the  support,  assisting  to  balance  its 
outer  neighbour,  as  it  were  ;  just  as  a  man  would  carry  a  given  quantity  of 
water  in  two  buckets,  one  on.  each  side,  more  easily  than  he  would  carry 
it  if  it  were  all  in  one  large  bucket,  and  carried  on  one  side. 

For  method  and  convenience  of  calculation,  these  distributed  loads 
are  grouped  together,  as  it  were,  and  leckoned  as  one  load  at  its  centre— 
Lt.^  the  centre  of  the  distribution,  as  fig.  936. 

The  Diflcemment  of  Strains.— Common  sense,  consideration,  and 
judgmeiit  are  all  required  in  distinguishing  what  parts  of  girders  and  the 
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like,  and  what  members  of  trusses  and  other  framed  structures,  aie  in 
compression,  and  what  parts  in  tension. 

With  regard  to  the  first-named—/.*.,  girders — the  illustrations  hennn- 
afier  given  should  clearly  impress  this  distinction  on  the  student's  mtndi 
the  forms,  of  course,  being  exaggerated  for  the  purpose. 

Fig.  937  represents  a  girder  supported  only  at  each  end,  from  whidi 
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it  will  be  seen  that  the  whole  of  the  top  Hange  is  in  compression,  and  the 
Ixjltom  flange  is  entirely  in  tension. 

F'g-  938  represents  the  same  girder  fixed  at  both  ends — showing  part 
(jf  each  flange  in  compression  and  part  in  tension— the  top  flange  being  in 
compression  in  the  centre,  "under  the  load,"  and  In  tension  over  the  ends 
and  at  the  supports,  while  the  bottom  one  is  exactly  the  reverse. 

Fig  939  is  a  combination  of  figs.  917  and  938— (>.,  a  girder  having 
one   end  fixed  and   the   other  supported,  showing  the  different  result; 


while  fig.  940  illustrates  a  continuous  girder,  having  several  supports,  over 
which  the  top  flanges,  as  will  be  seen,  are  in  tension  and  the  bottom  on^ 
in  compression,  the  central  portions  being  as  usual,  and  as  previously 
shown. 

The  best  practical  illustration  of  the  above  is  a  piece  of  indiaruhber » 
sufficient  length,  subjected  to  similar  conditions,  etc,  when  it  will  easily  be 
seen  which  part  is  in  compression  and  which  in  tension. 

Canlilcvers,   of  course,   must  be   fixed  to  hold  themselves  up,  mi"^ 
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more  undeT  a  load  in  addition ;  and  when  they  are  a  simple  projectio 
similar  to  half  a  girder,  as  fig.  941,  it  will  be  seen  that  the;  are  subjecti 


r   - 


6 


to  the  strains  of  compression  and  tension,  resulting  from  loads  at  their  em 
as  indicated. 

When  they  are  framed  it  all  depends  on   their  form.      Here   lb 


6 
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principle  of  considering  the  possibility  of  the  substitution  of  rope  soht 
all  difficulties ;  as  in  fig.  94J,  it  will  be  apparent  that  a  rope  would  do  ft 
the  member  A,  which  is  therefore  in  tension ,  but  not  for  B,  which 
consequently  in  compression.     On  referring  to  fig.  943,  it  will  be  at  ore 
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seen  that  exactly  the  opposite  is  the  case,  A  being  in  compression  and  B 
in  tension,  the  dotted  lines  showing  the  effect  of  an  excessive  load. 

Turning  to  the  consideration  of  roof  trusses,  we  find  the  application  of 
the  rope  principle  more  useful  than  ever ;  but  it  should  first  be  pointed  out 
that  the  weights  on  roofs  are,  as  it  were,  collected  together  and  located 
at  various  points,  proportionately,  as  fig.  944,  from  which  it  will  be  seen 
the  eaves  joint  A  take,  ^  part  on  each  side,  while  the  ridge  C,  and  purlin 
joints  B,  each  take  f  or  ^  of  the  load. 


i?P«rf* 


To  discriminate  between  the  members  in  compression  and  tension,  we 
find,  on  reflection,  that  a  rope  would  certainly  not  act  as  an  efficient 
substitute  for  the  rafters  or  struts,  as  shown  by  thick  lines,  but  that  it 
might  be  used  for  the  tie  and  suspension  rods  shown  by  thin  lines  (see 
%  944)-  Therefore  the  latter  are  in  tension,  and  the  former  in  compres 
sion  or  transverse  strain. 

Figs.  945  and  946  are  further  illustrations  of  trusses,  the  latter  being 


nq.945 


the  ordinary  wooden  king  post;  fig.  947  represents  a  trussed  beam,  a 
principle  often  employed  to  strengthen  thin  boards  to  carry  flower  pots, 
the  thin  line  members  being  usually  of  string. 

Having  ascertained  which  member  or  part  is  in  tension,  and  which  in 
compression,  we  know  that  wrought  iron  has  the  greatest  power  to  resist 
strains  tending  to  elongate  it  or  tear  it  asunder ;  therefore  we  can  do  no 
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better  than  use  it  for  members  in  tension,  and,  generally  speaking,  it  is  most 
convenient  in  round  or  bar  form,  though  it  can  be  rolled  into  T's  for 
struts  and  rafters.  As  regards  parts  in  compression,  cast  iron,  on  account 
of  its  great  power  to  resist  compression,  would  be  the  strongest  and  best. 


were  it  not  for  its  fragile,  unweldable,  and  inconvenient  nature,  for  the 
putting  together  of  the  joints.  As  a  consequence,  wrought  iron  has 
superseded  cast  iron  for  rafters  and  struts  which  are  made  of  T  shape, 
the  form  most  suitable  for  long  lengths,  where  bars  or  rods  would  bend, 
unless  built  up  to  make  them  the  more  rigid,  as  hereinbefore  shown. 


riqS4r 

Joists,  rafters,  lintels,  etc.,  subject  to  transverse  strain  (though  rafters 
have  been  taken  above  as  in  compression,  but  only  in  contra-distinction  to 
tension),  are  strongest  when  of  rectangular  form  and  of  a  good  depth,  the 
strength  lying  in  the  depth,  and  not  in  the  breadth. 


CHAPTER  XXV. 

CALCULATION  OF   STRAINS. 

Computation  of  Strains  on  Cantilevers,  Girders,  and  Trusses  variously  loaded. 

Computing  Strains. — The  strains  which  the  various  stresses  produce, 
as  hereinbefore  enumerated,  can  generally  be  calculated  arithmetically  and 
graphically,  to  check  each  other ;  and  it  is  intended  in  this  short  chapter 
to  briefly  and  concisely  put  before  the  student  a  few  of  the  methods  in 
vogue  for  that  purpose. 

Cantilevers — Load  Concentrated, — Assuming  that  he  thoroughly  un- 


R  4 


Fig  9W 


derstands  everything  in  the  previous  chapter,  we  will  first  deal  with 
plain  cantilevers  of  rectangular  forms.  Fig.  948  represents  a  cantilever 
12  inches  deep  and  3  feet  projection,  loaded  at  its  end  by  a  given  weight 
of  4   tons.     The  formula   by  which  the  greatest  strain   is  calculated  is 

«•/ 

— -,    w   representing    the   weight,   /   the   projection    or    length,  and  d 
\a 
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the  depth.     Therefore  we  have : 

■ui  1  _  4  Ions  K  3  feet  _ 
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which  can  be  graphically  proved  as  illustrated  in  fig.  949  and  the  followiq 
"  Draw  the  cantilever  to  scale  as  the  figure,  join  A  fi  d 


rig  950 
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nd  set  up  from  C,  at  right  angles  to  C  B,  C  D,  equivalent  to 

or  foot  being  of  the  same  scale) ;  then  from  the  point  D 

llel  to  A  B,  cutting  C  B  produced  in  E,  and  C  E  will  give  the 

rain  which,   when   reduced  according  to  scale,  will  equal 

ill  known  that  the  strain  is  greatest  at  the  point  of  support, 
fs  to  nothing  immediately  under  the  weight,  the  strains  at 
points  will  graduate  between   the  two   external   points   of 
ipplication  of  the  load,  so  that  such  strains  at  the  different 
x)ints  can  be  ascertained  according  to  fig.  950,  the  perpen- 
senting  the  strains  at  the  points  from  which  they  are  raised, 
o  the  strain  line  C  E  on  fig.  949  is  raised  up  to  the  perpen- 
F,  and  the  points  F  and  B  are  joined,  forming  a  triangle,  as 
represents  the  form  of  the  whole  strains  on  the  cantilever,  and 
ite  perpendiculars  indicate  what  is  required, 
certained  these  strains,  we  can  calculate  the  sectional  area 
*sist  them  by  dividing  the  amount  of  strain  by  the  "  power 
'  of  the  material  to  be  employed ;  always  remembering  that 
,  or  part,  has  to  resist  the  amount  of  one  strain  (tension)  and 
irt  the  same  amount  of  the  contrary  strain  (compression),  to 
ther  of  which  every  part  is  subjected,  according  to  circum- 
jreinbefore.  explained. 

iron  will  resist  safely  4    tons  compression  per  superficial  inch. 
„  5      „     tension  „ 

„  8      „     compression  „ 


n 
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„       „        7      >,     compression  „ 

J,  according  to  the  table,  the  top  flange,  if  in  wrought  iron, 
an  area  of  2f  superficial  inches,  to  resist  12  tons  of  tension; 
:om  flange  3  inches  in  area,  to  resist  the  same  amount  of 
If  fir  were  used  it  would  require  to  be  1 2  inches  deep  (a 
iccording  to  your  calculations,  which  assume  it  as  12  inches), 
broad,  giving  an  area  of  60  square  inches,  24  of  which  are 
10  cwt.  per  square  inch)  to  resist  12  tons  of  tensior,  while 
ig  36  square  inches  would  be  required  to  resist  12  tons  of 
(at  7  cwt.  per  square  inch)  on  the  lower  part 
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islrucled  as  fig- 951  orlig.951; 


384 

Theoretically  ihe  cantilever  might  be  cc 
but  this  is  not  done  in  practice,  as  a  rule. 

— Load  distributed.— Q<:iaan%  to  uniform  loads  on  cantilerers,  il  ii 
usual  10  Uke  the  collected  load,  or  total  weight,  as  located  in  the  cenlreo/ 
ihe  loaded  area,  as  fig.  953,  from  which  it  will  Ik  seen  that  it  is  in  thii 
case  practically  halfway  along  the  cantilever,  and  the  formula  resolm 

itself  into  '"'j,  twice  the  depth  being  taken  lo  give  the  "half"  resali  s> 

'  compared  with  a  concentrated  load ;  for  we  know  that  the  latter  cauiw 
double  the  strain  of  a  uniform  load.     Therefore — 
,../_4lons.if^eL  ^ 


Graphicall)  this  u  ascertamed  b>  a  similar  process  to  fig.  950,  »" 
diagonal  being  raised  from  a  point  half»a}  along  the  bottom  fiangft  ** 
fig  9S3i  '*hile  the  graduation  of  the  strains  at  mtermediate  points  uk*' 
tiie  form  of  a  concave  parabolic  curie,  as  shown  on  fig.  954,  which  sho"* 
need  no  further  explanation 

The  iheoreucal  form  of  ihe  cantilever  would  be  either  as  fig.  95S  " 
fig.  956. 

—Two  distinct  loads. — If  two  distinct  loads  are  placed  on  a  cantile^*' 
their  strains  should  be  calculated  separately,  and  the  results  added  logeih^- 
while  graphically  they  should  be  treated  as  fig.  957,  of  which  the  siwll 
diagram  is  constructed,  to  give  the  lines  of  inclination  to  the  fij;urc.   A 
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ilar  is  dropped  from  any  point  as  Z,  and  on  it  are  marked  off 
'ely  from  the  point  the  weights  or  reactions  of  the  loads,  Z  Y 
ig  to  scale  1  ton,  and  Y  X  3  tons.     The  depth,  which  always 
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1  a  conspicuous  part,  is  marked  off  at  right  angles  to  Z  X  from 
ind  then  W  Y  and  W  X  are  joined  Reverting  to  the  main  figure, 
e  draw  A  B  parallel  to  W  Y  until  it  meets  a  perpendicular  raised 
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from  the  other  load ;  after  which  A  B  is  continued  to  C,  but  paralld  U 
W  X.  Thus  the  diagram  is  formed,  and  the  strains  can  be  scaled  off  u 
required.  If  the  cantilever  were  uniformly  loaded,  it  would  be  treated 
similarly  to  fig.  954  in  principle. 


Fig  ass 


— Shearing  Strain. — The  "shearing"  strain  on  a  cantilever,  intli  ' 
concentrated  load,  is  equal  to  the  amount  of  the  reaction  all  along  tlif 
cantilever  from  the  point  of  support  to  that  of  application  of  the  I'M 

ig.  95S ;  while,  on  uniformly  loaded  cantilevers,  it  gradually  diminisl"' 


to  nothing  at  the  point  of  application  from  the  amount  of  the 
at  the  support,  as  fig.  959,  one  part  of  the  load  assisting  the  other, 
it  were. 

— Two  dis/iiicl  Loads.— A.  cantilever  differently  loaded  at  two  ormf* 
points  would  have  its  "  shearing  "  strain  shown,  as  fig.  g6o ;  and  if 
uniform  load  is  fixed  at  a  distance  and  clear  space  from  the  suppoft 
will  be  as  fig.  961,  taking  the  form  of  a  concentrated  load  from  Awl 
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ders. — Girdeis  are  treated  in  a  similar  manner  to  c 
King  ascertained  by  the  following  formulae : — 

— -  for  concentraled  loads, 

-^  for  unifonn  loads. 


387 

itilevers,  their 


t  a  girder  of  8  feet  span  and  9  inches  deep,  supporting  a  uniform 
(  2  tons,  would  have  its  strain  calculated  thus : — 


ST  ~   8  K  9  inches         6  feet         ' 

ffould  be  doubled  if  concentrated. 

iphically,  a  girder,  with  concentrated  load  centrally,  would  be  dealt 
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with  as  fig.  961,    and  as  fig.  963    if  intermediately  loaded ;  shik  foi 


_Q_ 


uniform  loads  it  would  be  as  figs.  964  and  965  respectively ;  one  halt 
the  load  (or  either  of  the  reactions)  being  set  up  as  the  height,  when  I 
reactions  are  equal ;  and,  when  they  vary,  one  or  the  other  » 


;r  will  ans^l 
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,  SO  long  as  care  is  taken  that  the  same  side  of  the  load  is 


Elevation 


Fig  9€7 


for  the  diagonal  and  parallel  line  to  ascertain  the  strain,  as 
arly  illustrated  on  fig.  963.  If  correct,  figures  will  always  com- 
lemselves. 


-A. 


nnooc-)Oonoo 


Elevation 


:  theoretical  outlines  for  beams  or  girders  are  as  figs.  966  and  967 
::entrated  oads,  and  figs.  968  and  969  for  uniform  loads. 


390 


BUILDING   CONSTRUCTION. 


—  Under  stvtral  diilinct  Loads. — When  a  girder  :s  loaded  with  »;ra>! 
different  loads  the  strains  are  found  graphically,  as  fig.  970  (si mil jH;  to 
fig.  957) ;  and,  arilhmelicalty,  they  are  proved  by  working  each  load  oui 
separately  and  adding  the  results  together.  On  fig,  970  it  will  be  noliced 
that,  in  the  small  diagram,  the  perpendicular  line  of  loads  is  diviiH 
proportionately  to  the  reactions,  and  the  depth  line  thrown  out  at  lighi 
angles  from  that  point.  The  other  working  is  precisely  the  same  is 
fig-  957- 

Graphic  diagrams  in  this  class  of  work  are  also  of  service  10  the  d^ 
signer,  in  that  ihey  help  him  to  economise  judiciously  by  riveting  plaw 
on,  intermediately,  along  the  flanges,  to  withstand  irregular  strains  wilhflil 
increasing  the  general  sectional  area.  For  instance,  the  diagram  of  strain!, 
iig'  97i<  clearly  points  out  that  an  additional  plate  of  sectional  arei,lO 
resist  the  strain  indicated  by  A  B,  and  of  a  length  equivalent  to  C  D,  can 


be  judic 


PI  An 
n^  963 


ously  added  to  the  length  of  girder  E  F,  designed  to  resist  a  itni" 

IB  to  G  H. 

Sometimes  we  have,  in  practice,  to  find  out,  by  calculation  or  siw* 
diagrams,  the  strains  caused  by  certain  loads  at  various  intermediate  poi"" 
along  a  girder  ;  and  this  is  done  mathematically  by  multiplying  the  reacli* 
by  the  distance  from  the  support,  and  dividing  the  result  by  the  dep'*'  ■ 
while  it  is  graphically  treated  (alternatively  to  figs.  962  to  964,  where  ih' 
perpendiculars  are  scaled)  as  fig.  972,  which  represents  a  girder  of  u  f"* 
span,  a  feet  deep,  loaded  centrally  with  10  tons  {though  this  rtjle  '^ 
applicable  to  any  weight  and  position),  and  it  is  required  to  lind  the  sll*B 
caused  by  the  load  at  every  2  fet-t. 
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prder  is  drawn  to  a  scale  by  which  feet  and  tons  are  made  equiva- 
1,  perpendicularly  upwards  from  A  on  the  bottom  flange,  at  the 
iu[^rt,  a  line  A  fi  is  measured  to  represent  the  reaction  at  that 


;  and,  from  the  top  point  B.  a  line  is  drawn  across,  parallel  to  the 
.nd  of  indefinite  length.  The  points  at  which  it  is  requited  to  find 
n  are  marked  off  along  the  top  flange ;  and  from  A  a  line  is  drawn 
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through  each  one  to  the  indefinite  line  from  B,  and  the  distance  from  B 
cut  off  by  that  intersecting  line  from  A,  gives  the  required  answer  whei 


reduced  to  weight  according  to  scale.     The  strains  on  the  bottom  flange 
are  worked  out  conversely  to  the  above,  as  shown  on  the  lower  part  of  the 
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gure ;  though  this  is   not  necessary,  as  the  strains  on  both  flanges  are 
like  in  amount,  only  different  in  character. 

Proof  of  this  is  obtained  by  calculation  on  lines  just  laid  down : — 
S  loM  reaction  x  a  feel  from 


support  _  10, 

depth  of  2  feet  x 

5  tons  reaction  m  4  feel  from  wipport  _  ao  . 
depth  of  3  feet  a  ' 


5  iMis  EtT«iii  1  feet  away. 
10  tons  strain  4  feet  swaj. 


If  the  load  be  placed  at  any  intermediate  point  between  the  supports 
he  reactions  of  course  are  unequal,  but  when  multiplied  by  the  distance  of 
he  load  from  each  point  of  support,  the  same  result  should  be  given. 


/"/y  SZS 


For,  supposing  this  girder  were  loaded  3  feet  from  one  support,  the  reac- 
:ions  would  then  be  in  the  proportion  of  3  and  9  (to  make  up  the  1  a  feet) — 
'-'.,  they  would  be  respectively  7  j  tons  and  aj  tons,  which  give  the  same 
■^suU  when  multiplied  by  the  distances  away  as  7}  tons  x  3  feet,  and 
*i  Ions  X  9  feet,  each  equal  aaj  tons  strain  under  the  load;  and  the 
•^ins,  at  any  intermediate  points  between  load  and  supports,  can  be 
**Wrtained  in  like  manner  by  multiplying  the  reaction  by  the  distance  the 
^int  (at  which  it  is  required  to  find  the  strain)  is  away  from  that  support. 
8-  973  represents  the  form  of  the  strains  on  the  girder  in  fig.  972. 
The —shearing— on  girders  is  equal  to  the  reaction  at  each  support 
''tTO  the  centre  or  load  to  that  support  when  it  is  a  concentrated  load ; 
^1e  a  uniform  load  causes  a  gradual  shearing  from  nothing  immediately 
■^tlder  it  to  the  amount  of  the  reaction  at  the  support,  as  figs.  974,  975, 
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976,  and  977,  will  explain.  So  that,  in  the  latter  case,  the  "sheatii^'' 
at  any  point  is  equivalent  to  the  amount  of  load  distributed  between  thil 
point  and  the  centre. 


ZVamed  Structures. — Coming  to  framed  structures,  the  student  must 
thoroughly  understand,  and  never  lose  sight  of  the  fact,  that  "  the  forces 
acting  at  any  point,  to  be  in  equilibrium  (which  is  the  found^ition  of  .the 
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structure),  must  complete  arid  form  a  triangle  or  polygon  whose  sides  are 
parallel  to  the  directions  of  the  forces,  and  therefore  are  equivalent  to  their 

magnitudes." 

Triangle  or  Polygon  of  Foroes — This  theorem  is  the  foundation  of 
all  calculations  ami  diagrams,  as  ivill  hereinafter  be  illustrated  (viJe  figs.  979 
to  9S4),  though  these  reciprocals  (as  they  are  sometimes  called)  will,  of 
course,  be  pointed  out,  as  the  diagrams  are  constructed,  in  the  usual 
way. 

Roof  Trusses. — It  is  only  proposed  here  to  deal  with  roof  trusses,  as 
other  framings  do  not,  strictly  speaking,  belong  to  building  corislruciion. 

The  first  procedure  is  to  locate  the  weight  at  various  points,  and  then 
ascertain  the  reactions  (as  should  always  be  the  first  thought  in  whatever 
class  of  work),  the  polygon  of  forces  (as  fig.  990)  being  used  to  determine 
the  necessary  reactions.  But  when  the  loading  is  vertical  and  equal  ao 
both  slopes  of  the  roof,  each  reaction  will  be  equal  to  one  half  the  loial 
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I,  SO  that  the  polygon  of  forces  becomes  a  straight  line,  obviating 

der  trouble,  which,  it  will  hereinafter  be  noticed,  is  present  in  unequal 

ing. 

— King  Post  Truss, — Taking  a  "  king  post "  truss  as  our  first  form,  we 

eed  as  follows : — 


\ 


kkK« 


5 


5et  up  any  line  vertically  in  any  position  as  a  line  of  loads,  and  assuming 


W  WW  w 


w 


the  truss  carries  4  tons  weight,  it  will  be  divided  as ;Hind  -, 

44488 

iagram  978 ;  so  that  we  shall  have  to  support  i  ton  of  it  at  each  purlin 
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and  the  ridge,  with  j  Ion  at  each  of  the  eaves  to  equally  divide  the 
Therefore  the  reactions  will  be  :— 


■8  tons.   I 


Starting    from     A    on    the     line     of    loads,     we    set    off    to   scale 

A  B  =  ^£';  B  C  =  -'';  C  0  =  ?^^  I)  E=-'*;    EF  =  ?'';  and,  bisecting  .\  F 

84448 
in  G,  we  have  A  G  and  G  F  equivalent  to  R'  and  R*— 1>.,  40  cwt. 
each,  measured  from  each  end. 
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From  B  we  then  draw  B  H,  and  from  G  G  H,  parallel  to  Z  Y  and 

Y  R,  respectively ;  giving  us  A  B  H  G  A  as  the  reciprocal  of  the  forces  St 
the  joint  Y,  while  B  H  and  H  G  give  us  (according  to  scale)  the  strains 
on  Y  V  and  Y  R  respectively. 

Next,  taking  the  joint  V,  we  draw  H  J  and  J  C  parallel  to  V  R  and 

V  Z,  giving  us  B  C  J  H  B  as  the  reciprocal  of  V,  with  H  J  and  J  C 
equivalent  to  the  strains  on  V  R  and  V  Z. 

Following  with  joint  R,  we  draw  J  K  parallel  to  R  Z,  making 
G  H  K  J  H  G  reciprocal  to  R,  with  J  K  equivalent  to  K  Z,  which 
gives  us  the  strains  on  half  the  members  ;  and  since  the  loading  is  equal, 
the  strains  are  equal  on  the  other  half,  which  is  completed  on  the  diagrami 
and  all  that  now  remains  to  be  done  is  to  scale  off  the  strains  and  calculate 
the  material  required  to  resist  them  in  the  usual  way. 

Figs.  g79  to  984  give  the  polygons  of  forces  at  the  various  joinis  in 
equilibrium  ;  the  arrows  indicating  the  directions,  for  all  forces  must  go 
one  way  round  the  polygon,  beginning  at  any  one  point ;  though  they 
must  continue  until  they  close  to  be  in  equilibrium. 
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Each  figure  is  a  "reciprocal"  of  the  joint  of  which  it  carries  the 
:orresponding  letters,  and  each  line  forming  the  figure  represents  a  force 
Lcting  at  the  joint  as  A  B  (fig.  979)  represents  that  at  the  eaves,  B  H  that 
m  the  lower  part  of  the  rafter,  H  G  that  on  part  of  the  tie-rod,  and  A  B 
he  upward  reaction  of  the  support. 

This  subject  will  require  careful  study  and  reasoning,  for  it  must  be 
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Fig  381 


Fig  982 


Nearly  understood  and  mastered,  as  this  principle  is,  as  it  were,  the  very 
bundation  of  our  work. 

The  amounts  of  the  strains  are  figured  on  the  polygons,  which  are  all 
irawn  to  scale  similar  to  the  diagram  978.  This  must  always  be  done 
^ost  carefully  and  accurately,  for  slight  inaccuracies  often  end  in  large 
irrors,  on  account  of  the  dependence  of  one  line  on  another. 

It  will  be  noticed  that  the  weights  and  reactions  play  their  part  and 


Fig  989 


Fig  584 


)elong  to  these  polygons,  for  they  are  known  forces,  which  close  the  sides, 
uid  where  they  occur  they  have  been  marked  accordingly. 

— Queen  Post  Truss, — Fig.  985  represents  the  diagram  for  a  "  queen 
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30St"  truss  (—   being  equivalent  to  10  cwt.  and  —  20  cwt.),  which  should 
12  6 

explain  itself;  abed  a  being  the  reciprocal  of  A,  bcefb  of  B,  dcegd  of  E, 

^hjgefoi  C,  hkj  h  oiY>y  the  others  being  similar,  as  the  truss  is  equally 

loaded. 
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A  larger  truss,  with  more  framing,  is  depicted  in  fig.  986,  with  diagram, 
from  which  it  will  be  gathered  that  a  bed  a  is  the  reciprocal  of  A,  bcefb 
that  of  B,  dcegd  o{C,feghjfoil> )  whilejhk/jand  dgkhgd  repre- 
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sent  E  and  F  respectively.     The  other  part  has  been  left  out  intentionally, 
to  save  confusion  ;  it  is  practically  a  repetition  of  the  other  half. 

Fig-  9^7  represents  a  similar  truss,  with  a  cambered  tie  rod,  the  diagram 
for  which  will  illustrate  what  a  difference  it  makes  compared  with  the 


CALCULATION  OF  STRAINS. 


399 


BUnjMMG  CONSTRUCTION. 


CALCULATION   OF  STRAINS.  4OI 

'afght  ToA  The  student  must  work  out,  or  rather  "  identify  the  recipro- 
Is  "  for  himself.     It  is  precisely  similar  to  fig.  986. 

The  next  form  of  roof  truss  treated  will  be  as  fig.  988  ;  and  as  this  is  a 
iss  in  common  use,  the  writer  will  take  this  opportunity  of  dealing  with 
lequal  loading,  hereinafter  using  this  truss. 

Having  located  our  we:L;hv-i,  and  ascertained  the  reactions  in  the  usual 
ly,  as  hereinbefore  explained,  we  draw  the  dit^am  as  shown  in  fig.  988, 
>m  the  vertical  load  line,  and  parallel  to  the  members  of  the  truss  ;  the 
ciprocals  formed  thereby  representing  the  joints  as  follows: — a  ego  a  =  A; 
•  hdc=-R;dhtied=C;othgo='e\oliko  =  G;eikfe  =  Vi,  and 
fko6  =  E;  all  of  them  closing  together  as  required.  The  strains  can 
I  found  by  scaling  oCf  the  corresponding  members  in  the  diagram  in  the 
dinaty  way. 

Hitherto  no  distinction  has  been  made  between  lines  in  compression 
d  those  in  tension,  because  the  distinction  was  too  apparent ;  but  they 
e  shown  in  figs.  98S  and  989  by  thick  and  thin  lines  respectively. 

— Special  loading. — It  will  be  seen  that  in  fig.  989  two  loads  of  ao  cwt, 
;  hung  from  points  F  and  G  of  the  truss  in  addition  to  the  previous 
iding,  which,  of  course,  alters  the  diagram  considerably  as  shown,  .ind 
Teases  the  reactions  which  remain  equal — i.t.,  60  cwt.  each,  as  compared 
ii  40  cwt.  on  fig.  9S8. 

On  the  usual  line  of  loads  mark  off  the  loads  on  the  truss,  neglecting 
:  suspended  loads,  and  from  each  end  of  the  line  set  up  and  down  the 
ctions  to  scale,  making  a  v  and  by,  which  cross  each  other,  as  will  be 
deed.  This  done,  we  proceed  in  the  usual  manner,  drawing  eg  from  C 
"allel  to  A  B,  and  from  V  {the  reaction  point)  drawing  w^  parallel  to  A  F, 
■king  acgva  the  reciprocal  of  A;  while  further  parallels  will  give  us 
Aif  forB,  d  A I  le  d  foi  C,and  oy  g  A 1 0  for  F,  as  compared  with  othgo 
6g.  988,  the  latter  containing  four  forces,  while  this  contains  five.  The 
ler  joints  at  D  E  and  G  are  similar  to  A  B  and  F,  while  the  line  /  0  is 
^mon  to  both  halves  of  the  truss  and  the  joints  F  and  G, 

~—UHsymmetrical  hading. — When  we  come  to  unequal  and  unsymme- 
^  loading  we  meet  with  a  difficulty  at  the  very  beginning ;  inasmuch 
We  have  hitherto  used  no  means,  except  calculations,  to  ascertain  the 
actions  ;  and  this  is  done  by  means  of  ^  funicular  and  polygon  of  forces. 

A  Une  is  set  up,  just  as  a  "  load  "  line — viz.,  as  Z  Y  (see  fig.  990) — and 
'  it  are  marked  off  the  loads,  as  t  o,  of,  unApy,  equivalent  to  W',  W, 
"^J  W,  on  the  truss;  after  which  "any"  point  X  is  taken,  somewhere 
*el  with  the  centre  of  the  load  line  Z  V,  but  no  less  than  its  length 
^*y,  and  we  join  X<j,  X/,  X_>',  which  are  called  vectors;  then  drop  per- 
stidiculars  from  the  points  of  loading  and  reaction  on  the  truss,  after 
liichwedraw  1.2,  2.3,  and  3.4,  parallel  to  X/>,  X  o,  X  *,  on  ^e  funicular 
:  these  perpendiculars;  and  by  joining    1.4  we  complete  the 
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polygon  of  forces ;  and  parallel  to  the  latter  we  draw  X  R  on  the  fonicokr 
from  X  to  the  load  line,  the  intersection  determining  the  magnitude  of  the 
reactions  R^  and  R*. 

The  reactions  are  then  transferred  to  the  ordinary  load  line,  from  which 
the  diagram  is  drawn  in  the  usual  way ;  the  resulting  reciprocals  ad  too, 
befcb^  cftkdc^  oefto^  otko^  dkod^  representing  the  forces  at  A,  B,  C, 
D,  £,  and  F.  The  diagram  shows  that  there  is  no  strain  on  £  G,  and  that 
the  strains  on  C  G  and  G  F  are  alike. 

Having  mastered  these  few  examples,  the  student  ought  to  be  able  to 
deal  with  all  ordinary  strains  on  building  structures. 
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SANITATION. 

Model  Dwelling— Air  and  Venlilation— Draughts— Externa!  Venlilalors  as  Inlets — 
Ventilating  Fans — Drainage — Traps — Dtain  Pipes  and  Testing — Inspection  Opening* 
and  Ventilation  Inlets— Ventilation  Outlets — Flushing — Cesspools— Sewage  Ini- 
gBlion— Water  Closets  and  Soil  Pipes— Batlis— Water  Supply, 

IS  is  one  of  the  vexed  subjects  of  the  age ;  though  it  must  be  under- 
><J  that  the  great  differences  of  opinion  only  take  place  as  lo  the 
Ins  and  methods  by  which  it  is  attempted  to  get  rid  of  evils,  which, 
:   and  all  agree,  exist  in  a  greater  or  less  degree,  in  connection  with 

dwellings  which  belong  to  the  present  decade. 
Rapid  strides  have  of  late  years  been  made  in  the  various  details  of 
itatiot],  which  have  required  great  and  wholesale  improvement;  and 
I    there  is  ample  room  for  further  advancement  in  all  its  branches. 
^laoy  defects  have  'been  got  rid  of  by  sure  and  proved  remedies, 

there  remain  many  more,  which  have  not  been  dealt  with  in  such 
Oanner  that  the  world  can  say  we  have  reached  a  point  of  success 
re  or  less  short  of  perfection ;  and  it  is  on  these  varied  and  contra- 
:ciry  theories  that  there  is  this  great  amount  of  disagreement  among 
borities  on  sanitation;  for  the  patents  and  so-called  remedies  put 
h  are  too  numerous  to  mention.     Therefore  it  is  only  the  wish  of 

writer  to  put  before  the  students  those  things  which,  we  all  know, 
^ire  alteration  for  the  better,  so  that  any  suggested  methods  herein- 
r  given  must  not  be  taken  "  as  recommended " ;  they  are  only 
Qjiced  to  give  the  student  an  idea  how  such  results  might  be  attained. 
The  various  circumstances,  and  his  own  well-considered  practical 
^ion,  ought  lo  decide  him  as  to  whose  patent  and  what  remedy  ate 
tie  used  for  particular  difficulties.  It  would  be  invidious  of  the 
5or  to  advertise  any  one  or  another  person's  special  patented  ideas. 
the  Model  Dwelling. — A  "model  dwelling,"  to  be  up  to  the 
Uiremenls  of  the  age  and  of  a  healthy  life,  should  be  one  containing 
Scient  cubic  contents,  area,  and  light  for  the  purposes  required ; 
h  a  plentiful  supply  and  constant  circulatioti  of  pure  air,  cooled  in 
r  and  warmed  in  winter,  without  any  approach   to  draughts  of 
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sny  kind,    which   would   aCTect  prejudicially   the   health   and   comfoit  oT 
the  inmates. 

It  should  also  be  provided  with  a  plentiful  supply  of  good  pure 
water ;  and  the  sanitary  conveniences,  of  whatever  kind,  should  be  so 
arranged  that  no  bad  smells  or  offensive  odours  can  possibly  be  emitted, 
except,  as  it  were,  out  of  the  reach  of  humanity.  All  drains  should 
be  air-tight  and  water-tight,  well  and  securely  trapped,  laid  with  proper 
gradients,  and  provided  with  adequate  ventilation,  so  that  a  body  o( 
pure  air,  figuratively  speaking,  may  prevail  within  the  appliances,  ud 
so  that  all  foul  air  may  be  driven  out,  from  point  to  point,  at  Midi 
places  that  it  is  hannless  to  life. 

It  must  be  understood  that  foul  air  is  lighter  than  pure  air,  andftr 
that  reason  invariably  floats,  as  it  were,  on  the  top  of  the  pure  air,  so 
that  we  know  where  it  collects,  and  therefore  have  to  remove  it  fttm 
the  upper  part  of  any  apartment,  where  it  accumulates.  Pure  air  is 
fouled  or  polluted  by  carbonic  acid,  which  either  comes,  by  the  breUh) 
from  tlie  lungs,  or  is  emitted  from  the  skin  of  human  beings  or  animals. 

Pure  air  is  also  vitiated  by  sewer  gas  and  bad  smells,  and  bf 
combustion,  whether  caused  by  fires,  gas,  or  other  means  of  lighting 
and  warming. 

On  the  other  hand,  leaves  of  trees  and  other  forms  of  vegetatioo 
absorb  the  carbonic  acid  out  of  the  foul  air,  and  generally  act  as  a  soft 
of  purifier  and  filler  to  the  atmosphere. 

For  the  sake  of  convenience  it  will  be  as  well  to  subdivide  the  a 
of  sanitation  under  two  heads,  as  follows ; — 

I.  Air  and  Ventilation. 

3.  Drainage  and  its  Connections. 

Air  and  Ventilation. — ^Human  beings,  on  an  average,  require,  pt^'  ' 
nead,  300  cubic  feet  of  fresh  air  per  hour  to  keep  them  in  a  healthy  State; 
and  for  this  purpose  they  must  be  supplied  with  that  amount  of  cubic 
space  of  pure  fresh  air,  refilled  and  circulated  by  the  natural  pressure  rf 
the  ingress  of  the  wind,  or  artificially  by  fans,  from  behind,  as  it  were,  to 
drive  out  the  foul  air,  and  replace  it  by  pure  air;  or  that  object  > 
attained  by  extracting  the  foul  air  from  the  top  and  drawing  in  tlie 
pure  air  from  below. 

Assuming  that  each  person  requires  300  cubic  feet  of  air  per  hoBl, 
the  air  in  a  room  10  feet  x  10  feet  and  10  feet  high,  would  requite  W 
be  changed  three  times  in  ten  hours  for  one  person  ;  so  that  loooa 
of  various  cubic  contents  require  the  air  they  contain  to  be  changed 
according  to  the  amount  of  air  available  for  each  occupant. 

There  is  no  law  laying  down  the  superficial  area  or  cubic  contend 
which  each  private  dwelling  should  have  per  inhabitant;  as  sucb 
restriction  or  regulation  would  be  unreasonable  and  impracticable,  though 
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it  is  generally  laid  down  by  local  authorities  that  rooms  or  less  area  than 
100  feet  superficial,  by  9  feet  high,  should  have  special  ventilation 
3eyond  that  which  an  unused  fireplace  with  window  and  door  would 
pve.  Nevertheless  the  Local  Government  Board  require  that,  though 
joo  cubic  feel  may  suffice  for  each  individual  in  public  dormitories, 
'et  in  practice  such  cubic  space  should  never  be  less  than  850  for  sick 
letsons  ;  and,  indeed,  some  hospitals  have  as  much  as  from  1,000  to  1,200 
■.ahic  feet,  and  more,  per  patient.  The  Educational  Department  require 
[30  cubic  feet  per  scholar,  while  lodging-houses  should  have  30  feet 
.uperficial,  or  (assuming  8  feet  high)  about  240  feet  cube  per  person. 
These  figures  will  give  the  student  an  idea  of  what  is  required,  and  also 
how  him  how  much  really  depends  on  the  circulation  of  fresh  air. 

Draughts. — The  various  methods  for  promoting  circulation  herein- 
>efore  mentioned,  having  their  inlets  and  outlets  by  means  of  flues  or 
'entilators,  are  apt  to  cause  draughts  of  various  kinds,  which  it  is 
lecessary  should  be  obviated  as  much  as  possible ;  and,  with  that 
>bject  in  view,  a  separate  supply  of  air  should  be  provided  to  feed 
he  fires,  which  require,  under  ordinary  circumstances,  150  feet  cube  of 
Lir  per  minute.  Unless  that  supply  is  made  from  a  special  source,  it 
vill  be  drawn  to  the  fire  from  the  door  or  window,  causing  a  draught 
jetween  the  inlet  and  outlet;  and,  consequently,  a  fire  should  have  an 
nlel  of  air  contiguous  to  it,  either  at  the  back  or  sides  of  the  fireplace 
jpening,  having  an  area  nearly  equal  to  the  outlet,  flue,  or  opening  at 
he  chimney-pot 

Down  draughts  are  equally  as  troublesome,  though  not  so  regular, 
IS  the  fire  causes  an  up  draught.  Moreover  they  are  not  perceptible, 
inless  we  have  artificial  means  of  ventilation,  such  as  flues  and  ventilators, 
which  at  times  are  converted,  by  circumstances,  temporarily  into  sources 
>f  this  defect;  and  this  all  good  patents  and  remedies  should  render 
m  possible. 

Draughts  sometimes  are  driven  down  outlet  fiues;  and  this  can  be 
■craedied,  or  reduced  to  A  minimum,  by  the  use  of  flap  ventilators  made 
jf  mica  or  other  light  material,  which  can  be  moved  or  opened  by  an 
]p  or  outlet  draught,  and  closed  by  a  down  draught.  At  other  times 
hey  are  caused  by  the  air  rushing  through  the  inlet,  which  strikes 
igainst  anything  such  as  a  ceihng,  and  comes  down  on  people's  heads  j 
jr  the  stagnation  of  the  foul  air  at  the  lop  will  press  it  down. 

The  heat  of  a  fire  or  hot-water  pipes  will  draw  from  windows  and 
ikylights  in  very  cold  weather,  and  create  serious  draughts ;  hence  in  the 
^est  hot-water  work  provision  is  made  for  running  the  pipes  around 
;he  skylights  or  intermediately,  so  that  the  cold  air  has  to  pass  the 
Heated  pipes. 
^Common  sense  gives  us  the  remedies  for  these:  either  by  increasing 
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the  outlet  for  foul  air,  or  by  regulating  the  supply ;  though  this  latter  if 
not  to  be  recommended. 

It  should  be  understood  that  a  larger  inlet  than  outlet  increases  tbe 
velocity  with  which  the  air  circulates,  and  drives  out  the  foul  air  all  the 
sooner. 

Ingress  of  pure  air  can  be,  or  rather  should  be,  of  two  kinds — mm 
for  winter,  and  cold  for  summer.  It  can  be  brought  in  by  the  following 
methods,  among  others  : — 

External  Ventilators  as  Inlets. — External  ventilators,  connected 
by  flues  to  the  inside,  where  valves,  flaps,  and  shutters  should  be  utilised 
to  shut  off  and  regulate  the  supply  at  pleasure.  A  common  place  0 
fix  these  is  a  little  above  skirting  level,  especially  in  window  backs  and 
recesses ;  and  they  should  be  supplied  with  sliding  shutters,  of  hit-and- 
miss  form,  so  that,  by  a  slight  movement  of  the  shutter,  the  ingress  of 
cold  air  may  be  regulated,  or  shut  off  when  not  wanted.  This  position  for 
ventilators  may  be  said  to  obviate  the  evils  at  its  origin,  inasmuch  as  it 
clears  the  air  from  the  bottom  of  the  room  upwards ;  though  it  is  apt  to 
cause  undercurrents  and  unpleasant  draughts,  to  remedy  which  ventilators 
are  used  of  the  Tobin  class,  which  are  fixed  generally  half  or  part  of  the 
way  up  the  external  walls.  They  consist  of  external  open  gratings, 
connected  by  flues  either  to  wooden  shafts — such  as  pilasters,  eta,  more 
or  less  ornamentally  treated,  which  are  often  placed  within  the  rooms— or 
at  other  limes,  where  the  shafts  would  be  inconvenient  and  out  of  place, 
the  inlet  is  made  by  an  ornamental  bracket,  projecting  into  the  room,  and 
this  is  connected  by  a  shaft  or  flue,  within  the  walls,  to  the  external  ait 
grating.  The  fresh  air  enters  the  room  at  the  top  of  the  bracket  {fitted 
with  a  valve  to  open  and  shut),  and  the  force  of  the  air  is  expentled 
upwards,  so  (hat  no  draught  is  caused. 

Ventilators  are  also  fixed  at  or  a  little  below  ceiling  level,  and  they  in 
constructed  of  an  external  open-air  grating,  connected  by  a  short  flue  10 
the  inside  ventilator,  which  is  constructed  on  the  hoppjer  principle,  wili 
closed  sides,  so  that  the  current  of  air  has  a  tendency  to  go  upward!. 
These  precautions,  however,  do  not  successfully  combat  down  draughl. 
inasmuch  as,  while  they  remedy  one  defect,  they  cause  the  air  to  come  in 
with  considerable  velocity  on  to  the  heads  of  persons  below,  which  is  a 
great  defect.  Hence,  of  the  three  places  in  which  air  can  be  brought 
into  a  room,  the  best  place  is  midway,  as  the  above  will  explain. 

Fresh  air  can  also  be  supplied  to  a  room  by  means  of  the  window,  and 
this,  too,  without  causing  draught.  The  stop-bead  on  the  siil  is  nude 
I  or  3  inches  deeper,  so  that,  by  raising  the  bottom  sash,  the  air  is  admitted 
through  the  space  made  at  the  meeting  rails  of  the  sashes  thus  opened. 

Ventilating  Fans. —Another  means  of  ventilating  apartments,  and 
promoting  a  circulation  of  air,  is  by  the  use  of  fans  propelled  by  mechanicii 


SANITATION. 


means,  which  drive  the  collected  fresh  air  through  dues  into  the  rooms, 
the  inlets  to  the  rooms,  of  course,  bejng  fixed  at  such  a  distance  above  the 
floor  that  all  feeling  of  draught  is  obviated.  The  cold  air  is  taken  or 
drawn  down  a  shaft  into  the  basement,  and  passes  through  a  far,  which  is 
connected  to  a  series  of  large  Rues,  and  these,  in  iheir  turn,  are  extended 
into  various  independent  smaller  flues,  which  run  up  the  chimney-stacks 
or  upcast  shafts,  and  have  inlets  opening  Into  the  numerous  rooms  on  the 
different  floors  above. 

Al  other  times  the  foui  air  is  drawn  out  by  mechanical  means,  at 
about  the  skirting  level,  into  flues  connected  to  shafts,  having  exits  in 
roofs,  towers,  etc. ;  and  this  egress  creates  such  a  vacuum  that  fresh  aii 
is  drawn  in  through  other  Hues,  having  inlets  into  the  rooms,  7  or  8 
feet  above  the  f^oor,  connected  to  air  inlet  shafts  collecting  the  fresh 
air  from  the  open. 

The  supply  of  fresh  air  to  rooms  is  a  small  matter  in  comparison  with 
the  warming  and  cooling  of  it  in  summer  and  winter,  and  this  is  a  matter 
which  is  only  in  its  infancy  as  yet;  the  only  method  in  vogue  at  the 
present  time  consists  purely  of  passing  the  air  over  or  through  coils  of 
pipes,  etc.,  containing  hot  or  cold  air,  or  over  boxes  of  ice  and  steam- 
heated  pipes  ;  and  this  means  is  only  applicable  (i }  to  the  "  fan  "  process, 
which  explains  itself,  and  (a)  in  cases  where  coils  can  be  fixed  between 
the  inlet  ventilators  and  the  space  to  be  ventilated,  so  that  all  fresh 
air  must  pass  over  or  be  acted  upon  in  a  more  or  less  degree  by  the 
hot  or  cold  appliances.  Where  fans  are  used,  the  fresh  air  can  also  be 
washed  on  a  screen — which  is  very  desirable. 

In  arranging  systems  of  ventilation  great  care  should  be  taken  that 
the  water  closet  and  sanitary  apartments  are  ventilated  independently 
of  kitchens,  dwelling-rooms,  etc 

The  egress  of  foul  air  can  also  be  provided  for  by  the  fresh  air 
driving  in  through  top  ventilators,  or  by  extraction.  The  former  method 
allows  of  various  forms,  including: — 

I.  Independent  ventilating  flues,  constructed  in  the  chimney-stacks, 
and  carried  up  to  the  top  and  out  into  the  open.  These  are  the  most 
commonly  used  remedies,  and  their  only  disadvantage  is  their  liability 
to  down  draught ;  but  this  can  be  obviated  by  the  use  of  the  mica 
fiap  ventilators  previously  mentioned,  which  will  only  act  one  way  as 
extractors,  a  contrary  action  closing  them,  as  in  the  case  of  a  down 
draught 

a.  Outlet  ventilators  may  also  be  constructed  in  ceilings,  a  flue  of 
sine  connecting  the  outlet  to  a  flue  into  the  slack  or  outlet  vent  in  the 
roof,  OS  jl'st  mentioned  ;  and  these  have  the  advantage  that  they  can 
be  ornamentally  treated,  in  that  we  can    use   perforated    centre   flowers 

,   cornices   as    outlets — the  former   being   very  efficacious,  when    the 
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warmih  of  the  gas  will  help  to  draw  the  foul  air  to  the  outlet  and  drive 
it  away. 

Watmth  in  outlet  flues  will  always  increase  the  velocity  of  the  outcast, 
whether  burning  jets  be  inserted  at  the  bottom  of  the  flues  or  the  flues 
themselves  be  warmed  or  surrounded  by  warm  smoke  flues,  care  being 
taken  that  smoke  flues  are  not  utilised  as  ventilators,  unless  great  tare 
can  be  exercised  and  very  superior  and  tight  flaps  be  used. 

The  extraction  of  foul  air  is  usually  attained  by  means  of  patent 
appliances,  called  air  pumps,  which  are  generally  self-acting.  These 
patents  mostly  take  the  form  of  cowls,  which  are  fined  on  the  top  of 
the  special  shafts  or  on  roofs,  the  various  small  pipes  being  broughi 
together  in  amain  shaft,  at  the  top  of  which  the  extractor  is  fixed,  and 
this  draws  out  all  foul  air,  or  rather  it  increases  the  velocity,  and  causes 
sn  "  upcast " ;  but  the  efficacy  depends  on  the  movement  of  the  external 
air  very  much. 

It  should  be  noted  that  the  various  small  flues  must  not  be  let  laea 
into  the  main  stack,  inasmuch  as  the  different  currents  would  dash, 
and  form  an  injurious  whirl,  as  it  were,  which  would  cause  an  obstruction. 
They  must  be  kept  independent  of  each  other,  or  be  gathered  together 
one  by  one  as  they  get  near  the  extractor. 

Drtune^e. — Coming  to  drainage,  we  will  start  from  the  outfall  into 
the  main  or  public  sewer,  and  deal  with  the  drains,  water  closets,  bathSf 
lavatories,  sinks,  and  other  apparatus  in  connection  therewith,  calling 
attention  to  those  points  requiring  special  study,  whether  the  system 
be  in  connection  with  a  common  sewtr,  cesspool,  or  scheme  of  irrigation. 

It  may  be  stated  at  the  outset  that,  wherever  practicable,  it  is  alway* 
advisable  to  intercept,  or  disconnect,  that  portion  of  a  dwelling  inwhict* 
the  sanitary  conveniences  are  placed,  from  the  main  block  of  the  house* 
by  a  lobby  having  a  cross  current  of  air  constantly  circulating  through  it. 

It  is  generally  acknowledged  by   most    sanitarians   that   the  houa^ 
sewer  should  be   disconnected   from   the   public   sewer   or  cesspool  by 
some  properly  devised  trap  placed  a£  near  the  end  of  the  house  sysiei*» 
as  possible,  as  house  sewers  not  so  disconnected  allow  the  free  admissioKX 
of  any  fever  germs  which  may  have  found  their  way  into  the  public  sewC 
from  some  contaminated  source.      Otherwise   householders   would  ha»* 
to  rely  entirely  upon  the  internal  fittings  of  the  house  for  their  protection  » 
and  in  such  cases  as  (i)  the  temporary  removal  of  a  water  closet  tot 
repairs,  without  sealing  the  pipe  end;  (i)  an  accident  to  a  trap,  cauaog 
the  water  to  run  out ;    or  (3)  the  unsealing  of  a  gully  during  cleaning 
operatioris  or  the  evaporation  of  water  during  a  dry  season  (ail  of  irhicb 
may  occur  in  the  average  dwelling),  the  inmates  would  be  exposed  w 
the  risk  of  these   germs   gaining   admission   to  the   house — a   risk  too 
serious  to  be  contemplated  or  permitted. 
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Tr^OB. — The  various  kinds  of  traps  (a  trap  being  an  appliance  devised 
to  prevent  the  rising  and  entrance  into  the  house  of  sewer  gases  by  the 
waier  which  it  contains)  in  use  for  this  purpose  of  disconnection  are 
100  numerous  to  mention,  the  main  point  being  that  they  should  be 
coDStnicied  so  as  to  have  a  dip  at  the  outlet,  shown  at  A,  hg.  991, 
to  allow  the  standing  water  in  the  trap  to  be  more  forcibly  acted  upon 
by  the  discharijes  down  the  house  sewer,  so  that  the  water  may  be 
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^fabpefly  changed.  The  body  of  the  trap  B  should  also  be  reduced 
to  allow  of  a  better  seal  being  obtained  (of,  say,  3  or  3  inches),  without 
having  too  large  a  body  of  water  to  resist  the  flush  through  it,  and 
of  course  such  reduction  must  be  kept  within  reasonable  limits,  or  the 
trap  would  be  liable  to  choke  by  solid  matter  passing  down  the 
and  It  is  very  desirable  that  there  should  be  an  inspection  arm  on 


h 

Wam,  as  fig.  • 


or  the         ^H 
on  the       ^H 


n  the  drain  below  being 
removed. 

These  traps  should  be  placed  below  a  brick-built  chamber,  as  tig.  999, 

so   that  the  trap  itself  can   be   easily  and   conveniently  cleansed,   when 

uiired ;  while  the  open  cover  can  be  utilised  as  an   Inlet  to  ventilate 

t  house  drain  above,  as  shown,  all   possibility   of  sewer  gas   arising 

I  obviated  by  the   trap  ;  and  when   there    is  an  inspection  arm, 

i  be  securely  fixed,  that  the  joint  may  be  absolutely  air-tight 
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Drain  Pipea  and  Testing,— The  next  point  for  consideration  is  the 
house  sewer  and  its  branch  pipes  from  this  disconnecting  trap  to  die 
various  positions  required  to  receive  the  solid  and  liquid  matter  fmn 
the  house  appliances  ;  and  it  may  be  mentioned  at  once  that  too  miKh 
care  cannot  be  bestowed  upon  the  laying  of  these  conduits,  as  leakages 
from  faulty  joints  or  imperfect  pipes  will  percolate  through  the  soil  to 
a.  great  distance,  and  may  eventually  locate  themselves,  and  the  e«Is 
arising  therefrom,  beneath  the  dwelling,  to  the  detriment  of  the  heallli 
of  the  inhabitants. 

These  drain  pipes  are  generally  of  glazed  stoneware,  about  a  feet  in 
length  ;  but  of  !ale  years  many  schemes  have  been  carried  out  in  strong 
cast  iron,  having  its  surface  coated  with  glass  enamel,  or  with  Dr.  Angiu 
Smith's  solution  of  hot  coal 'tar,  oil  and  resin,  or  other  non-corrosive 
material,  the  advantage  claimed  being  a  better  connection,  that  will  stand 
a  high  pressure,  powerful  flushing,  and  a  reduced  number  of  joinB,  on 
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Fig.  994 


of  the  iron  pipes  being  in  g-feei  lengths,  as  compared  wl" 
a-feet  lengths  in  stoneware  pipes.  Stoneware  pipes,  however,  have  A<s 
strong  point  in  their  favour — that  they  are  made  of  an  imperishable 
substance,  which  iron  is  not ;  and,  moreover,  iron  pipes,  properly  treateA 
cost  nearly  double  the  price  of  stoneware  pipes,  bedded  in  concrete  >* 
an  additional  precaution.  These  pipes  should  be  eg^-shaped,  so  IB*' 
a  greater  hydraulic  depth  can  be  obtained  for  small  flushes,  to  enaW* 
them  the  better  to  allow  the  water  to  carry  any  solid  matter  with  tbei^ 
scouring  out  the  drain  completely,  and  also  to  increase  the  velocity  " 
the  flow. 

This  reduction  of  the  width  of  the  channel,  with  its  corresponding  i"' 
crease  of  depth,  is  attained  by  the  use  of  pipes  similar  to  figs.  993  and  99* 
the  latter  of  which — on  account  of  its  loose  lapped  cover — reduces  W  ' 
minimum  the  risk  of  obstruction  formed  by  the  squeezing  up  of  tW 
cement  used  in  bedding  the  bottom  joint.  Both  these  pipes  have  anolhff 
advantage,  in  that  they  do  not  require  so  much  water  to  flush  them. 

They   should   be   laid    perfectly   straight,    on    a    solid    foundation  rf 
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concrete,  and  to  a  gradual  fall  from  point  to  point  (of,  say,  2  inches  in 
I  o  feel),  according  to  the  sire  of  the  pipe — a  simple  method  for  calculating 
the  fall  of  drains  and  sewers  being  to  muhiply  the  diameter  by  10  and 
ral!  it  feet,  the  result  being  the  length  of  pipe  that  should  have  i-fool 
fall— c.f,,  4  inches  x  10  =  40  feet,  or  i  foot  in  40,  the  requirtd  fall  for 
4 -inch  pipes. 

It  should  be  borne  in  mind  that  this  is  the  minimum  rate  of  fall  that 
is  advisable  and  likely  to  answer  its  purpose,  and  a  greater  fall  should  be 
the  aim  of  the  sanitarian. 

If  the  fall  is  not  sutlicient,  the  contents  are  likely  to  silt  up  and  choke 
the  drain  ;  while  if  too  much  fall  is  given,  the  liquid  matter  will  run  too 
quickly  away  from  the  solid,  which  would  thus  accumulate,  and  also 
choke  up  the  pipes. 

The  inside  circumference  of  the  pipes  should  be  in  perfect  alignment 
when  fixed  together,  and  all  joints  should  be  made  thoroughly  sound ; 
those  in  stoneware  where  patent  joints  are  not  employed  being  made 
of  tarred  spun  yarn  and  cemenl,  the  cement  being  mixed  with  clean  sand, 
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Fig.  995. 


in  the  proportion  of  about  i  and  1  (otherwise  the  expansion  in  setting 
is  liable  to  crack  the  sockets),  and  care  should  be  taken  that  no  cement 
or  projection  is  left  on  the  joint  in  the  inside  of  the  pipe;  while  in 
Uie  case  of  cast-iron  pipes  the  joints  are  made  by  lead  being  well 
caulked  into  the  sockets,  so  that  the  pipe  joints  are  strong  enough  to 
■und  the  smoke,  peppermint,  or  water-pressure  tests,  the  latter  being 
■  vj  best,  consisting  of  blocking  up  the  drain  at  the  outfall  and  filling  with 
■■iter,  which  will  be  retained  at  a  regular  level  if  all  is  secure.  All  drains 
e  proximity  to  dwelling-houses  should  stand  the  water  test,  oiher- 
t  a  stoppage  in  the  pipes,  causing  them  to  fill  up  at  any  time,  would 
B  the  joints,  and  cause  leakages  that  may  never  be  discovered. 
\  The  other  tests  are  applied  by  forcing  fumes  of  smoke  or  peppermint 
B  the  pipes  ;  and  these  fumes,  if  the  system  is  secure  and  a  good  job, 
Kild  not  escape  at  any  place  (so  that  the  odour  should  be  perceptible) 
Mpt  at  the  top  of  the  soil  or  vent  pipes. 
I  Of  the  patent  systems  of  jointing  stoneware  socketed  pipes  one  of 
I  most  important  is  Doulton's  self-adjusting  joint,  fig.  995,  which 
Bists  of  concave  and  convex  rims  made  of  hard,  imperishable  material, 
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and  which  are  attached  to  and  incorporated  with  the  material  of  the 
spigot  and  faucet  ends  of  the  pipes,  the  spigot  end  fitting  into  the  socket 
or  faucet,  both  having  previously  been  smeared  over  with  an  oily  mixture, 
so  that  a  turn  of  the  pipe  will  cause  a  close-fitting  joint  to  be  made 


Fig.  396 


between  the  hard,  true  surfaces  of  the  rims.  Another  form  of  oint  is  the 
Albion  "  Paragon,"  similar  to  fig.  996,  which  explains  itself,  the  clay  or 
cement  being  forced  by  the  insertion  of  the  spigot  to  make  a  water-tight 
joint.  A  still  later  and  more  improved  kind  is  known  as  "  Sykes  "  patent 
joint,  as  fig.  997,  from  which  it  will  be  gathered  that,  being  a  screwed  thread, 


so  to  speak,  to  be  twisted  into  position,  it  can  be  made  by  the  ordinaiT 
workman,  the  jointing  material  being  said  to  be  water-tight  and  imperish- 
able, and  yet  flexible— the  quality  which  has  been  a  long  while  sought, 
as  it  is  impracticable  to  make  a  perfectly  rigid  joint  water-tight,  owing  to 
settlements  in  the  ground. 


Fig.saa 


Another  similar  joint  is  illustrated  by  fig.  998,  which  also  allows  of  flexi- 
bility in  the  connection — a  point  which,  together  with  the  fact  that  perfect 
alignment  is  rendered  the  more  cerUin,  gives  a  great  deal  of  preference  to 
patent -jointed  pipes  over  the  ordinary  rigid  cement  and  yam ;  this  latter 
being   most   uncertain,    owing   to   unequal  settlements  of  the   ground. 
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irther,  the  mere  lilimg-ia  of  the  soil  in  deep  drains  often  breaks  the 
no  matter  bow  carefully  the  ramming  is  done,  and  moreover,  it 
quires  most  close  supervision  and  inspection  to  be  sure  that  no  cement 
has  been  squeezed  up  at  the  bottom  of  the  joints  to  cause  obstructions  in   ' 
the  channel. 

Inspection  Openings  and  Ventilating  Inlets. —Where  these  pipes 
take  a  different  angle  (forming  an  elbow),  or  have  a  junction  one  with  the 
other,  inspection  chambers  should  Ik;  provided,  having  air-iight  covers  if 
in  a  situation  where  open  grates  would  be  objectionable;  though  these 
manhole  or  inspection  chambers,  where  required  and  practicable,  should 
be  utilised  to  get  ih<i  necessary  passage  of  pure  air  through  the  pipes,  as 
%■  999i  the  lower  part  of  course  being  properly  trapped  and  securely 
ventilated  from  alxjve,  as  shown  ;  for  the  mere  fact  of  carrying  a  soil  pipe 
Up  full  bore  above  the  eaves  of  the  roof  will  not  cause  circulation,  unless 
9  air  inlet  is  also  provided  at  a  lower  level. 


Great  care  should  be  taken  to  provide  the  fresh-air  inlet  of  an  area 
1  (ua!  lo  or  slightly  larger  than  that  of  the  outlets,  which  is  an  important 
r.iiia,  very  frequently  neglected;  and  it  is  best,  where  practicable,  to 
admit  fresh  air  separately  to  each  branch  at  that  point  where  it  joins  the 
main  house  sewer  :  and,  if  this  is  not  practicable,  the  main  inlet  at  the 
chamber  next  the  sewer  shouid  be  large  enough  to  supply  the  various 
branches  which  it  has  lo  receive  ;  and  where  fresh  air  cannot  be  supplied 
by  these  chambei^,  it  should  be  let  in  by  means  of  shafts  (sometimes  in 
a  wall)  provided  with  mica  flap  ventilators,  to  prevent  the  back  pressure 
of  foul  air. 

VentilaUng  Outlets.— Cowls  are  sometimes  fixed  at  the  top  of  the  out- 
let of  the  venliiatmg  pipes,  with  the  object  of  increasing  the  up  current; 
but  this  is  attended  with  such  variable  results  that  an  open  pipe  end,  pro- 
tected from  birds'-nests,  etc ,  by  a  copper  wire  cage,  is  preferred  by  most 
sanitarians ;  and  if  in  a  position  where  snow  is  likely  to  block  up  the  lop 
irinter,  slits  should  be  cut  longitudinally  in  the  top  of  the  pipe  to  gfvc 

ioecessary  outlet- 
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In  cases  where  these  ventilating  pipes  are  fixed  to  trees,  they  should  be 
constantly  examined,  or  provided  with  expansion  joints,  as  the  growth  or 
movement  of  the  tree  might  disturb  the  jointing. 

All  ventilation  pipes  should  be  coated  with  non-corrosive  substance 
and  with  molten  lead  joints.  It  has  been  discovered  that  uncoated  pips 
a  ru.st  and  crumble,  the  scales  of  rust  falling  to  the  bottom  of  the 
pipe,  where  it  is  connected  to  the  drain,  and  here  it  accumulates,  until  i 
heap  is  formed  which  entirely  blocks  the  egress  of  foul  air  (see  fig.  looo). 

Flushing. — To  ensure  thorough  cleanliness  in  sewers,  it  is  neccssarf 
that  a  means  of  regular  flushing  should  be  adopted  ;  and  this  can  be  dOM 
in  several  ways, — either  by  collecting  the  rain  water  in  an  auiomalic 
flushing  tank  connected  to  the  sewer  (in  such  a  manner  that  foul  ps 
t  get  out)  at  the  head  of  the  system,  or  by  providing  a  consiant 
supply  of  water  to  a   flushing    tank    that    can    be   regulated  at  will  ID 
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discharge  a  certain  quantity  of  water,  automatically,  as  circumsia"^ 
require — more  frequent  in  warm  weather  than  in  cold — though  it  is  ""' 
advisable  to  have  too  large  a  discharge,  as  it  is  apt  to  disturb  the  seals  "f 
the  various  traps  on  the  branch  sections,  from  20  to  30  gallons  bei<^i 
a  sufficient  quantity  for  flushing  an  average  house  sewer  system. 

Oftentimes  drainage  systems  can  be  properly  flushed  by  the  frequenl 
use  of  the  bath  when  placed  at  the  head  of  the  system,  and  the  smallei  i"^ 
drain  pipe  the  greater  the  chance  of  sending  down  a  volume  of  wal« 
the  full  bore  of  the  pipe,  which  is  absolutely  necessary  to  give  confidence 
and  security. 

Where  there  is  no  public  sewer  for  the  proper  disposal  of  sewage  ^ 
in  the  case  of  isolated  mansions  and  country  houses,  the  sewage  has  to  ^ 
dealt  with  by  cesspools,  or  by  surface  or  sub-irrigation,  the  latter  meihoJ 
being  the  most  preferable. 

Cesspools, — When  cesspools  are  used,  they  should  be  situated  asfti 
as  possible  from  the  building  and  clear  of  any  storage  tanks  or  source  ot 
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domestic  water  supply,  their  walls  and  bottoms  being  perfectly  water-light, 
and  the  tank  large  enough  to  obviate  frequent  clearing  out ;  though  the 
other  exireme  is  just  as  bad.  They  should  be  well  ventilated  by  pipes 
terminating  at  the  most  favourable  position  that  the  surrounding  circum- 
stances will  allow ;  and  the  overflow  should  be  so  constructed  that  as 
little  harm  as  possible  is  likely  to  occur  from  it,  though  cesspools  are  bad 
and  injurious,  even  when  necessary,  constructions;  and  in  all  cases  the 
house  sewer  should  be  disconnected  from  them,  as  hereinbefore  referred  to, 
Sewage  Irrigation. — There  are  two  methods  of  disposal  by  irrigation 
— namely, 

1.  Surface  irrigation,  which  consists  in  distributing  the  sewage  matter 
over  the  surface  of  properly  prepared  land,  the  liquid  being  drained  off  at 
a  depth  which  will  ensure  its  being  deodorised  before  being  allowed  to 
flow  into  a  stream  or  river ;  and, 

2.  Sub-irrigaiion,  by  which  solid  matter  is  collected  in  tanks,  con- 
structed and  subdivided,  so  that  the  liquid  part  is  forced  through  beds  of 
sand  and  charcoal  into  other  compartments  (as  fig.  looi),  from  which  it 
should  be  automatically  Hushed  out  and  distributed  below  the  ground,  at 
ii  depth  of,  say,  z  feet,  by  means  of  ordinary  field  drains  laid  a  certain 
disUnce  apart  in  dry  rubble. 

It  is  necessary  that  the  distribution  should  be  large  and  intermittent  to 
prevent  the  trickling  of  small  discharges,  which  make  the  soil  round  the 
tanks  boggy  and  unpleasant,  because  the  liquid  never  gets  beyond  the  first 
two  or  three  pipes  ;  and  it  is  desirable  to  have  all  irrigation  tanks  constructed 
in  duplicate,  to  allow  of  one  set  being  cleaned  out  while  the  other  is  in 
operation,  without  interfering  with  the  regular  working  of  the  scheme. 

It  is  needless  to  add  that  sewage  irrigation  depends  very  much  on  the 
nature  of  the  ground  through  which  the  pipes  are  run — a  gravelly  soil, 
or  any  other  through  which  the  liquid  will  percolate  quickly,  being  the 
desideratum  of  a  sanitary  engineer. 

Before  leaving  house  sewers,  and  passing  on  to  the  consideration  of 
soil   pipes   and  water  closets  in  connection    therewith,  the  writer   wouU 
impress  upon  the  student  the  necessity  of  careful  thought  in  dealing  with 
'linage  schemes,  as  errors  have,  frequendy,  most  serious  results. 
I  Water  Closets  and  Soil  Pipes. — Every  water-closet  apparatus,  on 
latevcr  principle,  whether  valve,  wash-down,  or  vask-oitl,  should  have 
e  following  properties,  to  secure  safety  : — 
I.  Simplicity  in  its  working  parts. 

a.  A  proper  trap  in  connection  with  it ;  having  a  seal  of  not  less  than 
Mnches  (many  have  but  half  this). 

1^  A  sufficient  depth  of  water  in  the  basin  to  cover  the  excreta,  and  so 
Eress  bad  smells. 
■  4.  Such  means  of  connection  to  a  soil  pipe  as  will  ensure  a  perfect. 
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permanent,  and  secure  joint — a  point  which  also  applies  to  the  ventilation 
horn  of  the  trap. 

5.  A  flushing  arrangement  that  will  allow  of  a  flush  of  from  2J  to  3 
gallons  of  water,  to  completely  change  the  body  of  water  contained  in  the 


[ 
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Fig.  lOOh 
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basin  and  trap,  and  carry  the  excreta  and  paper  to  the  farthest  possible 
distance. 

6.  It  should  have  no  dry  surface  exposed  to  contamination. 

All  closets  having  these  qualities  may  be  considered  to  be  appliances 
that  will  meet  all  usual  requirements,  and  they  are  connected  to  the  drain 
below  by  a  soil  pipe  of  glass-enamelled  or  coated  cast  iron,  or  lead  (the 
latter  being  the  most  lasting  substance  when  properly  fixed);  and  such 
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pipes  should,  in  all  cases,  be  always  fixed  outside,  and  carried  up  full  bore 
to  the  ridge  of  the  roof,  terminating  at  a  position  remote  from  all  windows 
or  openings  into  the  house,  and  away  from  any  projection  likely  to  cause 
a  back  draught  in  the  pipe. 

There  is  a  diversity  of  opinion  as  to  the  size  of  these  soil  pipes,  some 
sanitarians  requiring  4  inches  diameter  for  each  closet,  while  others 
are  satisfied  with  a  2i-inch  pipe  for  a  stack  of  three  closets ;  the  writer's 
opinion  being  that  if  the  pipe  be  large  enough  to  carry  away  the  solid 
matter  deposited  in  the  basin,  the  smaller  size  undoubtedly  offers  the 
greater  certainty  of  being  kept  clean. 

Where  the  branch  piece  between  the  outlet  of  the  apparatus  and 
the  stack  outside  is  of  any  considerable  length,  the  trap  should  be 
ventilated  separately,  as  also  in  cases  where  more  closets  are  fixed  on 
one  stack,  when  each  trap  should  be  separately  ventilated  by  a  pipe 
carried  up  to  a  position  higher  than  the  upper  apparatus,  and  then 
branched  into  the  main  vent  pipe — precautions  which  are  absolutely 
necessary  to  prevent  syphonic  action  unsealing  the  traps  by  removing 
the  pressure  at  one  side  of  the  water  seal ;  and  many  cases  have  occurred 
in  which  ignorance  of  this  important  matter  has  been  the  cause  of  an 
escape  of  sewer  gas  into  a  dwelling. 

Where  lead  soil  pipes  are  connected  to  iron  or  stoneware,  a  brass 
ferrule  should  be  wiped  on  to  the  end,  to  allow  of  a  properly  caulked 
joint  being  made ;  and  all  soil  pipe  joints  should  be  made  perfectly  air- 
and  water-tight,  besides  which  it  is  sometimes  advisable  to  treat  soil 
pipes  locally,  and  disconnect  them  from  the  house  drain  or  sewer  by  a 
trap  at  the  foot,  ventilated  separately,  as  fig.  1002,  which  reduces  the  risk 
of  sewer  gas,  in  case  of  any  defects  to  internal  fittings ;  and  where  this 
is  done,  of  course  a  separate  ventilating  pipe  is  required  for  the  drains, 
irrespective  of  the  soil  pipes. 

Baths,  etc. — ^The  next  question  is  that  of  the  baths,  lavatories,  and 
sinks,  which  it  is  necessary  should  be  constructed  in  such  a  manner  as 
will  allow  of  themselves  and  their  surroundings  being  kept  thoroughly 
clean  and  wholesome,  provision  being  made  to  allow  of  regular  inspection 
for  cleansing  purposes,  when  these  fittings  are  enclosed  in  woodwork; 
though  it  is  much  to  be  preferred,  from  a  sanitary  point  of  view,  that 
they  should  be  fixed  without  enclosures,  especially  sinks,  and  they 
should  also  be  clear  of  all  angles  and  ledges  where  filth  is  likely  to 
accumulate. 

The  outlet  fittings  to  these  appliances  should  be  of  the  description 
known  as  full-way  fittings,  having  an  area  of  space  through  the  holes  of 
their  grates  equal  to  or  slightly  larger  than  the  bore  of  the  waste  pipes 
fixed  to  them,  so  as  to  ensure  such  waste  pipes  being  thoroughly  flushed 
and  scoured  by  each  flush  sent  down  them,  bath  and  sink  waste  pipes 
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being  not  less  than  2  inches  in  diameter,  and  those  of  lavatories  ij  inch, 
with  traps  fixed  immediacety  underneath  the  appliances,  and  properly 
ventilated  to  prevent  syphonage. 

Although  the  legitimate  use  of  a  bath  is  to  cleanse  the  human  body, 
its  discharge  of  from  30  to  50  gallons  of  water  can  be  utilised  with  great 
advantage  as  a  flushing  force  for  cleansing  the  drains,  as  hereinbefore 
explained,  and  for  this  reason  the  bathroom  should  be  situated  as  near 
as  possible  to  the  point  where  the  discharges  (herefrom  will  act  on  thf 
whole  drainage  system,  the  benefit  of  which  is  obvious  to  all ;  and  lo 
utilise  this  force  properly,  it  is  absolutely  necessary  that  full-way  fittings 
and  pipes  be  used,  and  the  waste  made  to  deliver  in  the  open  air  onto 
a  proper  disconnecting  trap  similar  to  fig.  looi,  but  with  no  inlet— the 
waste  water  discharging  on  to  the  grating ;  and  this  same  form  of  gtilly 
should  be  used  to  secure  lavatory  or  sink  discharges,  excepting  the  cue 
of  the  latter  having  large  discharges  of  grease  likely  to  choke  the  drains 
when  a  proper  grease  trap  should  be  fixed  in  a  position  far  enough  away, 
or  sealed  in  such  a  manner  as  not  to  be  offensive ;  but,  where  there  ii 


Fig.  1002. 

not  sediment  enough  to  require  such  an  apph'ance,  it  should  be  flusheo 
clean  through  the  above  trap  and  into  the  sewer. 

The  ordinary  yard  gully  is  an  appliance  totally  unfitted  for  the  pUtpOK 
of  receiving  discharges  from  baths,  lavatories,  and  sinks,  as  it  is  more  « 
a  filth -collecting  and  retaining  appliance,  which  throws  off  injurioW 
emanations  from  the  decomposed  matter  which  it  contains;  and,  mote- 
over,  when  fixed  outside,  they  are  usually  in  such  close  proximity  to  "* 
house  as  to  allow  these  noxious  gases  gaining  admission  thereto,  W* 
then  they  become,  practically  speaking,  small  cesspools  about  a  hw* 
Ati'i-bttl  or  adjustable  traps  (as  figs.  1003  and  1004)  should  always  l* 
used,  the  latter,  as  the  name  implies,  being  capable  of  regulation  accordiW 
to  circumstances  of  fall,  etc. 

In  dry  seasons  and  hot  weather  it  is  essential  that  the  gullies,  whether 
from  waste  or  rain  pipes,  should  be  frequently  supplied  with  water  to  o*" 
tain  the  proper  seal,  which  is  easily  dried  up,  and  becomes  a  great  soor* 
of  danger.  A  sanitarian's  aim  in  arranging  sewerage  work  should  be  W 
avoid  stagnation  and  the  consequent  accumulation  of  foul  gases  by  s" 
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ig  the  pipes  that  a  constant  current  of  fresh  air  can  be  maintained 
r  pipe  and  drain,  including  wastes,  overflows,  soil  pipes,  etc.,  giving 
iciple  of  diffusion  its  fullest  extension,  and  at  the  same  time  taking 
at  in  no  case  shall  any  waste  or  other  such  pipe  act  as  an  inlet 
or  to  the  building. 

ter  Supply. — Good  pure  water  is  naturally  most  essential  for  the 
of  human  beings ;  and,  as  a  rule,  it  is  supplied  by  private  or  public 

so  that  it  is  only  necessary  here  to  deal  with  its  storage  and 
tion.     Sometimes,  though  very  seldom,  the  water  is  on  constant 

which   obviously  does  not  necessitate  any  storage  capacity,  to 
igainst  a  dearth  when  the  water  is  turned  off. 
ks  are  used  for  this  purpose,  and  made  of  wood  lined  with  lead, 
;alvanised  iron,  if  the  water  is   hard  and  heavy;  but  where  the 

soft,  either  vitrified  stoneware  or  slate  is  preferable,  as  the  soft 


Fig.  1003. 

rig  1004 . 

cts  upon  the  lead,   rendering  it    injurious  and  unfit  for  drinking 
s. 

i  should  be  taken  to  place  these  cisterns  in  a  position  clear  of  all 

of  contamination  from  sleeping  chambers,  (?ust,  or  foul  air,  and 

Duld  be  covered  with  a  dust-tight  lid,  easily  removable  for  cleaning. 

overflow  pipes  from  cisterns  should  terminate  in  a  position  quite 

any  waste  pipes  or  other  fittings,  and  be  in  diameter  twice  the 

the  inlet  or  feed  pipe;  while  stop  taps  should  be  placed  in  a 

ent  position  to  control  the  supply  both  to  and  from  the  cistern, 

ily  pipes  being  properly  fixed  to  wood  grounds,  kept  away  from 

I  places,  where  they  would  be  liable  to  be  affected  by  frost. 

is  also  an   important  matter,   and  one  which    oftentimes   saves 

rable  anxiety  and  not  a  little  inconvenience  and  expense,  to  so 

the  water  supply  that    the  risk  of   freezing  is  reduced  to  a 

m,  and  this  may  be  effected  by  care  and  a  little  attention  when 

ig  the  supplies.    First  of  all,  all  external  pipes  should  be  not 
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less  than  30  inches  below  the  surface  of  the  ground ;  and  where  they  are 
not  in  the  ground,  they  should  be  wrapped  in  thick  hair  felt  enclosed 
in  wood  pipe  casings.  On  entering  the  house  a  stop  tap  should  be 
placed  below  a  bib  tap,  so  that  all  the  water  in  the  house  can  be  drawn 


^ 
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off  after  the  stop  tap  is  closed  ;  and  from  thence  the  pipe  should  be  run 
on  internal  walls  within  wooden  pipe  casings  to  the  cistern,  the  supply 
to  boiler  from  thence  being  fixed  in  casings  grooved  to  allow  of  the  hot 
pipes  going  in  the  same  casing,  and  yet  not  contagious  to  the  cold  supplyt 
as  fig.  1005 ;  a  more  or  less  ornamental  cover  being  screwed  on  to  bide 
the  pipes. 
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xabus  of  the  subjects  in  which  examinations  in  building 
Construction  are  held  by  the  Department  of  Science 
AND  Art. 

TE. — The  Department  announce  that  a  larger  number  of  questions  will  be  set 
in  the  Examination  Papers  for  the  Elementary  and  Advanced  Stages  than  the 
candidate  will  be  cUlowed  to  attempt,  so  that  he  will,  to  a  certain  extent,  be 
able  to  show  his  knowledge  in  such  branches  as  he  may,  from  circumstances^ 
have  paid  special  cUtention  to^ 

First  Stage,  or  Elementary  Course. 

s  assumed  that  the  student  has  already  mastered  the  use  of  the  follow- 

drawing  instruments:  rulers,  ordinary  and  parallel;  ruling  pen; 
ipasses,  with  pen  and  pencil  bow-sweeps,  as  well  as  the  construction 

use  of  simple  scales,  such  as  i,  2,  3,  or  more  feet  to  the  inch,  showing 
les ;  or  such  as  |,  ^,  \^  f ,  |,  |,  or  other  fraction  of  full  size,  or  of  any 
n  scale  or  drawing ;  also  the  meaning  of  such  terms  as  Plan,  Elevation 
It,  back,  or  side),  Section,  Sectional  Elevation. 

He  should  understand  the  object  of  bond  in  brickwork — />.,  English 
d,  Flemish  bond,  or  English  bond  with  Flemish  facing,  and  how  it 
tained  in  walls  up  to  three  bricks  thick  in  the  following  instances — viz., 
ings  with  offsets,  angles  of  buildings,  connection  of  external  and  internal 
s,  window  and  door  openings  with  reveals  and  square  jambs,  external 
^ed  arches  (camber,  segmental,  and  semi-circular),  internal  discharging 
les  over  lintels,  and  inverted  arches. 
He  should  know  where  to  put  wood  bricks,  or  plugging,  and  their  use ; 

construction  and  uses  of  brick  corbelling,  and  the  construction  of 
imer  arches  in  fireplaces. 
He  should  be  able  to  give  sections  and  elevations  to  scale  of  the  follow- 

kinds  of  mason's  work — viz.,  uncoursed  and  coursed  rubble,  block  in 
irse,  and  ashlar,  with  their  bond,  and  the  proper  dimensions  of  the 
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stones,  as  to  height,  width  of  bed,  and  length ;  and  of  the  following 
dressings — viz.,  window  sills,  window  and- door  jambs,  plsiin  window  and 
door  heads,  door  steps,  string  courses,  quoins,  copings,  common  comicet, 
blocking  courses  ;  and  of  the  following  methods  of  connecting  stones— vit, 
by  cramps,  dowels,  joggles,  and  lead  plugs. 

He  should  be  able  to  show  how  to  join  timbers  by  halving,  lapping, 
notching,  cogging,  scarfing,  fishing,  and  mortise  and  tenon ;  as  applied  to 
wall  plates,  roof  timbers,  floors,  ceilings,  and  partitions. 

He  should  be  able  to  draw,  from  given  dimensions,  couple,  collar,  and 
king-post  roofs,  showing  the  details  of  the  framing  and  of  the  ironwork. 

He  should  be  able  to  draw,  from  given  dimensions,  single,  double,  sod 
framed  floors,  with  or  without  ceilings  beneath  them  ;  showing  modes  of 
supporting,  stiffening,  and  framing  the  timbers,  trimming  round  hearths 
and  wells  of  stairs ;  also  floor  coverings  of  boards  or  battens,  rebated  and 
filleted,  ploughed  and  tongued,  and  laid  folding,  with  straight  or  broken 
joints,  bevelled  or  square  heading  joints. 

He  should  be  able  to  draw  in  elevation,  from  given  dimensions,  a  frained 
partition  with  door  openings. 

He  should  be  able  to  draw  in  elevation,  and  give  vertical  and  hoiiionul 
sections  of  solid  door  frames  and  window  frames. 

He  should  be  able  to  describe,  by  drawings,  headings  of  different  kindi, 
dovetailing,  cross-grooving,  rebating,  plough -grooving,  chamfering,  rounded 
nosing,  and  housing. 

He  should  be  able  to  draw  in  elevation,  and  give  vertical  and  horiiontai 
sections  of,  the  following  doors, — viz.,  ledged,  ledged  and  braced,  framed  and 
braced,  panelled,  and  the  mode  of  putting  them  together,  poshion  of  hingo 
and  furniture ;  as  well  as  to  describe,  by  drawing,  the  following  termi  is 
applied  to  panelled  door — viz.,  square  and  fiat,  bead  butt,  bead  tlusl'i 
moulded,  all  on  one  or  both  sides. 

He  should  be  able  to  draw  in  elevation,  and  to  give  vertical  fi 
horizontal  sections  of  the  following  window  sashes  and  frames — viz.,  singit 
or  double-hung  sashes  with  square  bevelled,  or  moulded  bars,  and  <JSti 
frames  ;  casement  sashes  hung  to  solid  frames,  with  method  of  hanging»w 
securing  in  each  case. 

He  should  be  able  to  show,  in  elevation  and  section,  the  lead-"'"'' 
connected  with  chimneys,  ridges,  hips,  valleys,  gutters,  and  lead-flats. 

He  should  be  able  to  give  an  elevation  and  section  of  the  slating  of* 
roof  laid  with  duchess  or  countess  slates  on  boards  or  battens 

He  should  be  acquainted  with  the  proper  cross-secUon  for  cast  it^ 
beams  for  use  in  floor  girders  or  bresummers,  or  as  cantilevers ;  and " 
able  to  draw  such  a  section  in  its  right  proportions  from  given  dimension 
of  flanges. 

He  should  be  able  to  draw  in  elevation,  from  given  dimensions »» 
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eton  diagrams,  ordinary  iron  roofs  up  to  40-feet  span,  showing  the 
ions  of  different  parts,  and  methods  of  connecting  them. 

Second  Stage,  or  Advanced  Course. 

In  addition  to  the  subjects  enumerated  for  the  Elementary  Course — in 
Df  which  questions  of  a  more  complicated  nature  may  be  set,  combining 
k  done  by  the  different  trades — the  knowledge  of  the  students  will  be 
ed  under  the  following  heads,  viz. : — 

I  St.  Freehand  sketches  explanatory  of  any  details  of  construction,  such 
the  joints  of  iron  and  wooden  structures,  and  other  parts  requiring 
stration  on  an  enlarged  scale.  These  sketches  may  be  roughly  drawn, 
nded  they  are  clear  and  capable  of  being  readily  understood. 
and.  The  nature  of  the  stresses  to  which  the  different  parts  of  simple 
ctures  are  subjected,  as  follows  : — 

In  the  case  of  beams  either  fixed  at  one  or  both  ends,  or  supported  or 
tinuous,  the  student  should  know  which  parts  of  the  beam  are  in 
ipression,  and  which  in  tension. 

He  should  be  acquainted  with  the  best  forms  for  struts,  ties,  and  beams» 
h  as  floor  joists,  exposed  to  transverse  stress. 

He  should  know  the  difference  in  the  strength  of  a  girder  carrying  a 
en  load  at  its  centre,  or  uniformly  distributed. 

In  the  ordinary  kinds  of  wooden  or  iron  roof  trusses,  and  framed 
ictures  of  a  similar  description,  he  should  be  able  to  distinguish  members 
compression  from  those  in  tension. 

He  should  be  able,  in  the  case  of  a  concentrated  or  uniform  load  or  a 
1  of  a  beam  supported  at  both  ends,  to  ascertain  the  proportion  of  the 
d  transmitted  to  each  point  of  support. 

3rd.  The  nature,  application,  and  characteristic  peculiarities  of  the 
lowing  materials  in  ordinary  use  for  building  purposes,  viz. : — 
Bricks  of  different  kinds  in  common  use,  York,  Portland,  Caen,  and 
th  stones  (or  stones  of  a  similar  description),  granite,  pure  lime, 
iraulic  lime,  Portland  and  Roman  cement,  mortars,  concretes,  grout, 
halte,  timber  of  different  kinds  in  common  use,  cast  and  wrought  iron, 
1 

4th.  Constructive  details,  as  follows  : — 

The  ordinary  methods  of  timbering  excavations,  such  as  for  foundations 
walls,  or  for  laying  down  sewers;  the  erection  of  bricklayer's  and 
Son's  scaffolding;  the  construction  of  travellers;  the  use  of  piles  in 
ndations,  hoop-iron  bond  in  brickwork,  diagonal  and  herring-bone 
irses  in  ditto,  damp-proof  courses,  bond  timber  in  walls,  and  the 
ections  to  it. 
He  should  know  how  bricks  are  laid  in  hollow  walls,  window  or  door 
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openings  with  splayed  jambs,  flues,  chimneys,  fireplaces,  and  arches  up  to 
about  2ofeet  span  ;  how  mortar  joints  are  finished  off,  and  the  thickness 
usually  allowed  to  them ;  why  bricks  and  stones  ought  to  be  wetted  before 
being  laid. 

He  should  be  acquainted  with  the  construction  of  brick  ashlar  walls, 
rubber  ashlar  walls,  stone  stairs,  wooden  stairs  (both  dog-legg^  and  q)en 
newel),  skylights,  fire-proof  fioors  (such  as  brick  arches  supported  on  rolled 
or  cast-iron  girders.  Fox  and  Barrett's,  and  Dennett's  patent  concrete 
floors),  circular  and  egg-shaped  drains,  roofs  of  iron  or  wood,  for  spans  i:^ 
to  60  feet ;  the  fixing  of  architraves,  linings,  and  skirtings  to  walls,  shutters 
to  windows,  lath,  plaster,  and  battening  to  walls,  roof  coverings  of  tiles  and 
zinc,  slate  ridges  and  hips. 

Examination  for  Honours. 

Written  answers  will  be  required  to  some  of  the  questions. 

The  candidate  will  have  to  furnish  a  design  for  a  building,  or  part  of  a 
building,  in  accordance  with  given  conditions,  which  design  he  will  be 
allowed  to  draw  out  at  his  own  home. 

He  will  be  called  upon  to  answer  in  writing — illustrated  by  sketches 
either  freehand  or  to  scale,  as  directed— questions  on  all  the  subjects 
previously  enumerated  for  the  elementary  and  advanced  Courses. 

He  must  possess  a  more  complete  knowledge  of  building  materials,  their 
application,  strength,  and  how  to  judge  of  their  quality ;  and  in  the  case  of 
iron,  of  the  processes  of  manufacture,  and  the  points  to  be  attended  to  in 
order  to  insure  sound  castings,  and  good  riveting. 

He  must  be  able  to  solve  simple  problems  in  the  theory  of  construction, 
and  to  determine  the  safe  dimensions  of  iron  or  wooden  beams  subjected 
to  dead  loads. 

In  ordinary  roof  trusses  and  framed  structures  of  a  similar  description,  he 
must  be  able  to  trace  the  stresses,  brought  into  action  by  the  loads,  from 
the  points  of  application  to  the  points  of  support,  as  well  as  to  determine 
the  nature  and  amount  of  the  stresses  on  the  different  members  of  the  truss, 
and,  consequently,  the  quantity  of  material  required  in  each  part. 

In  ordinary  walls  and  retaining  walls  he  must  be  able  to  ascertain  the 
conditions  necessar)'  to  stability,'  neglecting  the  strength  of  the  mortar. 


INDEX. 


ENTS,  32 
nantine  clinkers,  7 
laster,  337 

«»  337 

s  and  disadvantages — 

:thods    to    prevent    damp, 

» 

ous  floors,  icx> 
PS  and  tiles,  209 
te,  367 

367 

it  required,  404 
lion  of,  405 

g  of,  407 
i,  40S 

;ments  of  authorities,  405 
'  of  fresh,  406 
'  to  fires,  405 
bricks,  2 

^365 

7 

)5 

t,98 

fibrous  asphalte,  57 
es,  156 
dings,  to  shore,  355 

>ricks,  20  -26 
r,  336 
79,  So 


52, 


Angles — 

beaded  and  tongued,  223 

intersecting  brick,  27 

irregular  brick,  24—26 

key-mitred,  224 

mitred,  223 

mitred  and  tongued,  223 

stafT-beaded,  224 

tongued,  222 
Angus-Smith's  coating,  410 
Annealing,  166 
Annular  or  annual  rings,  8S 
Apex,  80 
Apoenite,  368 
Apron  lining,  3^9 
Aprons  in  lead,  195 
Arch  bricks,  9 

bond  of,  40 
Arches — 

terms  of,  32 

axed,  38 

cambered,  34 

common,  38 

discharging,  36 

Dutch,  37 

elliptical,  34 

equilateral,  35 

flat,  34 

four-centred,  35 

French,  37 

Gothic,  35 

groined,  36 

inverted,  38 

relieving,  36 

rough,  38 

rubber-brick,  3S 

scheme,  34 


42s 
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Arches  {continued)  ^» 

segmental,  33 

semicircular,  34 

straight,  35 

three-centred,  35 

trimmer,  45 

Tudor,  35 
Archangel  deal,  95 
Architraves,  288 

double-faced,  288 
Area  walls,  52 

Arithmetical  calculations,  381 
Artificial  stones — 

Apoenite,  368 

Ransome's,  368 

Victoria,  368 
Ash,  98 
Ashlar,  68,  337 
Asphalte,  Claridge*s,  363 

damp'courses,  etc.,  57 

Limmer,  57 

SeyFsel,  363 

Val-de-Travers,  363 
Astragal  and  hollow  moulded  sashes,  277 
Automatic  flushing,  414 
Axed  arches,  38 
Axed  stone-facing,  69 


"D  ACKS  for  malm,  3 
,  windows,  32,  290 

Backs  of  arches,  32 

of  slates  or  tiles,  205 

Back  flaps,  300 

linings,  273 

Backings,  235,  270 

Balk  timber,  94 

Balusters,  305,  317 

Balustrades,  78 

Band  hinges,  243 

Bangor  slates,  204 

Barefaced  tenons,  222 

Bars  for  condensation,  326 

Bars  of  iron — 

Best  or  B,  167 
Best  Best,  BB,  167 
Best  Best  Best,  BBB,  167 
merchant,  167 


Bars  of  iron  (coniinucdy^^ 

puddled,  166 
Basebed,  64 
Bases,  339 
Bastard  roach,  64 

stucco,  337 

Bathstone — 
Box,  63 

Combe  Down,  63 
Comgrit,  63 
Corsham,  63 
Farleigh  Down,  63 
Monk's  Park,  63 
Westwood  Ground,  63 
Winsley,  63 
Baths,  417 
Bats,  15 
Battens,  94 
Battening,  205,  335 
Bay-window  angles,  24,  25 
Bays — 

case,  1x2 
tail,  112 
Beads — 

butt,  25s 
cock,  231 
flush,  25s 
quirk,  23 1 
retuni,  231 
staff,  231 
Bead  butt  doors,  255 

flush  doors,  255 

Beaded  angles,  223 

joints,  233 

Bead  joint  pointing,  44 
Beam,  straining,  148 
Beams,  flitched,  117 
Beams,  trussed,  117 
Bearing  strain,  372 
Bed,  natural,  59 
Bed  of  slates,  205 
Bedding  tiles  and  slates,  209 
Beech,  98 
Bessemer  steel,  168 
Best  bar-iron,  etc.,  167 
Bevelled  joints,  138 

halving,  107 

haunching,  235 

headings,  121 

Binders,  no,  113,  X14,  xi6,  123 
Birch,  98 
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:les,8 
tins,  80 

h29S 
S 

t,  353 
Lng,  360 

69 

5,78 
ain,  314 

185 


D  courses,  57 

g.  54 
,  161 

161 

.8 

5,356 

» 

7 

69 
92 

Idirgs,  232 
doors,  256 
,  64 


2 

ets,  172 

.  40 

ee  Brick  Angles 

17,50 
eraish,  17 

I7»  30 

en  wall,  18 

louble,  17,  31 

le,  17 

;arden  wall,  iS 

16 

S 

onal,  18 
ing-bohe,  18 
mish,  17 

.17 

207 


Borrowed  lights,  287 
Bossing  lead,  188 
Bottle-nosed  drips,  199 
Bottom  rails,  252 

of  skylights,  325 

Boacherie^s  patent,  94 
Box  ground  ston^,  63 
Boxings,  272,  295 
Boxing  shutters,  295,  etc. 
Braby*s  glazing  bar,  342 

Italian  roofing,  200 

Braces — 

angle,  156 

in  partitions,  125,  131 

for  scaffolding,  356 
Bracketing,  Scotch,  338 

to  stairs,  314 

wood,  338 

Bramley  Fall  stone,  61 
Brandering,  335 
Breaking  load,  371 
Breeze  bricks,  7 
Brick  eanhs,  3 
Bricks — 

adamantine,  7 

angle,  20—26 

arch,  9 

birdsmouth,  8 

black,  7 

blue,  7 

breeze,  7 

buUnose,  8 

burrs,  5 

camber,  10 

Candy's,  10 

Cant's,  8 

Chuffs,  5 

circular,  9 

compass,  9 

concrete,  7 

Dinas,  6 

dressed,  8 

dust,  7 

Dutch  clinker,  7 

elliptical,  10 

Farehara,  7 

firebricks,  6 

Gannista,  6 

gault,  6 

glazed,  6 

good, 5 


29 
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Bricks  [fetUiHiutt)— 
giiules,  5 
Guismuyda,  6 
hand-made,  4 
iamb  bricks,  9 
L««  Moor  bricks,  6 
machine-made,  4 

moulded,  II 
Nortealon,  7 

plinth,  9 
pressed,  8 
rubber,  7 

rand -moulded,  4 
slop'Ooulded ,  4 
soap  bricks,  1 1 
sound  bricks,  5 
split,  II 
Fquini,  S 
Ktiflbrdshire,  7 

siring.  9 

SufFoik,  6 

Thompson's,  6 

Woodville,  7 
Brick  ane'es.  !0— 26 

acute,  16 

bay  window,  35 

i  I  regular,  25,  36 

obtuse,  25 
lirickoiLlie^-  Jrt  ARCHES 

bond;  jm  Bomj 

cores,  3S 

fenders,  2S 

flues,  50 

footings,  19 

^-    interiecling  walls  =7 

nogging,  134 

,  manufacture  of,  3 

piers,  J7 

reveals,  29—31 

!-leepcrs,  28 

Brick  9-in.  or  1 -brick 


Bridle  joints,  146 

British  patent  glazing,  34I 

polished  pUte  glass,  34I 

Broached  work,  70 
Broad  pointing,  43 
Built  girders,  167 
Bulged  struts,  185 
Bull  nosed  angles,  8 

Jleps.  306,  321 

Bumetlising,  93 
Burning  bricks,  5 

in  lead,  19S 

Bumtwood  stotke,  61 
Burrs,  % 

Butting  joints,  145 
Button  rivets,  17Z 
Buttoning,  3 1 8,  319 
Buiton  lime,  333 


alls,  a 


C 


AEN  stone,  64 
CalnJalions  of  strait 
incent  rated     loads 


-  girJers.  390 


r.,3S4 


Brick-noggetl  panitii 
Bridging  joists,  99 


uniform  loadson  c: 

ginlcrs,  39s 

toofs,  J94,  etc. 

tintyni metrical  loads  on  roofs,  401 
Camber,  145 

on  wood  roofe,  I4S 

on  ironrools,  187 

,  difference  made  \tf,  39S 

Cambere<l  arch,  34 
Candy 'i  bricks.  7 
Cants,  S 
Cantilevers,  tf6 

,  strains  on  :  i/e  CalcdlatiONJ 

Carbolineum  Avenarius,  71,  94 
Carbon  in  cast  iron,  164 

chemical  mixture,  164 

niwtianical  mixtuit,  164 

in  steel,  164 

in  wrought  iron,  1 64 

Carpentry  defined,  86 
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Cefn  stone,  62 

■.339 

Ceilings- 

beam*,  136 

,171 

joists,  113.  116,  135 

r.17* 

lighlE,  332 

Si78 

venlilalion,  407 

.d  fiamn— 

Cment- 

,380 

Keene'-s  334 

:,  2S6 

Maitin's,  334 

.,*87 

Parian,  334 

,.8i 

Portland.  338,  3SS 

.84 

Roman,  366 

jpen- 

selenitic,  366 

-ards,  xSa 

damp  couise*.  55 

wards,  2Sz 

fillets,  209 

centres,  3S3 

Cementing  walls,  55 

loppets,  J3a 

Centring.  345 

iii^,  187 

Centre-nailed  slating.  207 

c.Us,284 

^83 

drains,  408 

■83 

lead,  195 

vs  33> 

wood,  161 

Chain  riveting,  174 

261 

Chair  rail,  371 

itwled,  36S 

50 

Cliambers  (or  inspections,  413 

ated,  j66,  268 

as  inlets,  413 

367 

as  air  outlets,  413 

4 

Oiamfer,  233 

iiled.  a6s 

Chamfered  doors,  256 

265 

slop  chamfered,  356 

! 

Chiracterisiica  of  gooJ — ■ 

S 

cast  iron,  165 

■S 

common  briclu,  6 

cements,  365 

!.  :66 

firebricks,  6 

ii 

limes,  365 

islics.  16s 

169 

rivet  iron,  170 

5 

rubber  bricki.  7- 

sandstone,  61 

'.158 

slates,  202 

:,  166 

steel,  167,  168 

are,  166 

tiles,  209 

178 

Umber,  89 

,  166 

wroi^ht  iron.  166,  167 

.65 

Charring  timber,  93 

■5 

Chase  monice.  113 

iing,  232 

Check  throat,  cS 

Si 

Cheeks,  125 

6 

Chemical  mixture  of  carbon.  i& 
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Chilmark-stone,  64 
Chimney  bars,  46 

bond,  17 

Chiselled  work,  69 
Chopped  facing,  69 
Christiana  deals,  95 
Chuffs,  5 

Circular  bricks,  9 
Circular  sewers,  352 

stairs,  85 

Circular-headed  sashes,  279 

sash  frames,  279 

Clamping,  227 

mitre,  227 

Clamps,  5t  366 
Claridge's  asphalte,  363 
Clay,  360,  364 

foul,  3 

limy,  3 

loamy,  3 

marly,  3 

mild,  3 

plastic,  3 

pure,  3 

sandy,  3 

strong,  3 
Cleansed  face,  70 
Cleats,  144,  178 
Clips  for  glass,  327 

zinc,  200 

Close  covers,  4x3 
Close  lagging,  346 
Closers,  15 

king,  15 

queen,  15 
Closets,  water,  416 
Cluster-fruited  oak,  96 
Coach  screws,  177,  186 
Coarse  stuff,  334 
Cocked  head,  231 
Cogging,  107 
Cogged  joints,  109,  142 
Cold  short  iron,  167 
Collar  roofs,  137,  152 
Colouring,  339 
Combed  face,  69 
Combination  roofs,  150—152 
Common  rafters,  135 
Compact  limestones,  62 
Compass  bricks,  9 
Compression,  joints  for,  140,  180 


Concentrated  loads,  371,  381,  etc 
Concentrated  and  distributed,  375 
Concrete  bricks,  7 

floors,  214 

mixing,  367 

proportions,  367 

pumice,  216 

Condensation  bars,  326 
Conical  rivets,  172 
Consoles,  158 
Constant  water  supply,  419 
Contraction  of  iron,  167,  171 

preparation  for,  183 
Cooling  iron,  168 

steel,  168 

Cooling  fresh  air,  407 
Coombe  Down  stone,  63 
Copings,  58,  80 
Copper  clips,  327 
Corbelling,  51 
Cord  for  sashes,  272,  277 

scaffolding,  356 

Core  brick,  28 

handrail,  85 

Coring  flues,  50 
Comgrit  stone,  63 
Cornices,  78,  337 
Corrosion  of  iron,  169 
Corrugated  tiles,  211 

zinc,  199 

Corsham  stone,  63 
Cotch-stones,  238 
Cottars,  145,  182 
Countersunk  rivets,  172 
Counter  lathing,  335 
Countess  slates,  205,  207 
Couple  roofs,  135 

close  roofs,  137 

Coupling  screws,  186 

Cover  flashings,  194 

Covers  to  manholes,  close,  413 

open,  413 

Covering  to  roof,  188,  etc. 
Covering  to  stone  for  protection,  70 
Cowls  for  soil  pipes,  41  \. 
Craigleith  stone,  61 
Cramps,  81 
Cranes,  360 
Creasing  **  tile,"  58 
Creosoting,  93 
Crich  lime,  333 
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Distempering,  339 

244 

Dbtributed  loads,  371,  384,  etc 

:.  105 

Distributed  and  concentrated  loads,  375 

g,  120,  226 

Doatiness,  90 

.  headings,  121 

Dogs,  354 

f 

Dog-legged  stairs,  309 

dies,  32 

Dolomites,  64 

3 

Doors — 

172 

braced,  244 

89 

double-margined,  261 

flights  in  slates,  324 

dwarf,  260 

1  tiles,  324 

framed,  ledged,  and  braced,  246 

5,  306,  321 

folding,  261 

S42 

jib,  260 

»3" 

ledged,  243 

itred  strings,  321 

panelled  :  see  Panelled  Doors 

I  mouldings,  232 

sash,  250 

rsa  do.,  232 

sliding,  260 

Door  casings  :  sef  Casings  to  Doors 

Door  frames — 

D 

segmental-headed,  237 

semi-circular,  237 

square  or  flat,  237 

5.269 

Door  irons,  239 

3  and  its  prevention,  etc.,  52 

Door  jambs,  236 

r  courses,  57 

Dormers,  156 

ber,  95 

Double— 

371 

-eaves  courses,  207 

•faced  architraves,  288 

gian,  95 

•faced  skirtings,  270 

» 

Flemish  bond,  17 

1,95 

floors,  106,  no,  122 

h,  95 

lath,  334 

94 

margined  doors,  161 

.94 

rebated  casings,  265 

of,  94 

riveting,  173 

imber,  S9,  90 

sunk  sills,  276 

e-proof  floor,  215 

tenons,  222,  252 

7 

Doulton  &  Peto*s  Are- proof  floor,  2 18 

stone,  61 

Dovetails  in  lead,  81 

5o 

Dovetailing — 

3nd,  18 

common,  226 

ng,  122 

lap,  226 

86 

mitre,  226 

^6 

secret,  226 

Dovetailed  halving,  136 

ges :  s€g  Advantages 

notch,  107 

I  arches,  36 

Dowels,  82,  142 

lead  under  slates,  194 

Doweb  and  mortices,  238 

»  for  lead,  195 

Dowelled  flooring,  120 

Is  for  lead,  192 

Drafted  and  broached  face,  70 
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Drafted  and  broached  diamond  picked  face, 

70 
Dragged  face,  69 
Dragons,  156 
Drainage — 

house,  408 

sewer,  408 

various  systems — 
cesspools,  415 
sub-irrigation,  416 
surface  irrigation,  416 
Drain  pipes — 

flushing,  414 

glass-lined,  410 

glazed,  socketed,  410 

gradients,  411 

jointing,  41 1 

shape  of  pipes,  410 

tests  for — 

peppermint,  411 
smoke,  411 
water,  411 
ventilation,  413 
Dram  timber,  95 
Draughts — 

down,  405 

prevention  of,  405 

up,  40s 
Dressed  bricks,  8 
Driers,  340 

Drilled  rivet  holes,  173 
Drips,  160,  195 

,  bottle-nosed,  199 

Dry  area  walls,  52 
Dry  dip,  6 

rot,  93 

Drying  bricks,  4 
Duchess  slates.  206,  207 
Duraline,  344 
Duramen,  88 
Dust  bricks,  7 
Dutch  arches,  37 
Dutch  clinkers,  7    . 
Dwarf  doors,  260 
Dwelling,  a  model,  403 


£ 

■pAVES,  158.  159,  160 
•'"^     boarding,  158 


Eaves  course,  78 

double,  207 

tilter,  156 


Egg-shaped  sewers,  353 

,  proportions  of,  353 

Elasticity  of  wrought  iron,  167 

steel,  168 

Elbow  linings,  290,  294 
Elland  edge  stone,  61 
Elliptical  arches,  34 

bricks,  10 

Elm  and  its  properties,  9S 
Elm  pads,  51 

palettes,  $1 

Elongation  of  iron,  167,  170 
Encallowing,  3 

Enclosures  to  sanitary  fittings,  417 
Engert  &  Rolfe's  asphalte,  57 
English  bond,  17 

compared  with  Flemiih  bond,  17 

English  garden  wall  bond,  18 

English  oak  and  its  properties  and  uses,  9^ 

English  cluster-fruited  oak,  96 

stalk-fruited  oak,  96 

Enrichments  in  plastering,  339 
Equilateral  arch,  35 
Equilibrium  in  strains,  372 
Expansion  of  iron,  167 

,  how^  to  prepare  for,  183 

Extractors  for  ventilation,  407 

,  gas  as,  407 

,  warmth  as,  407 

Extrados  of  arches,  32 


rpACEofarch,  32 

Factor  of  safety,  371 
Factors  of  safety,  383 
Falls  of  drains,  411 

gutters,  160 

for  lead  and  zinc,  191 

False  headers,  18,  22 
Fans  to  circulate  air,  406 
Fanlights,  248 

hoppers,  249 

hung  on  centres,  250 

pivoted,  251 
Fareham  bricks,  7 


tone.  63 

Flire  kLln5.  366 

Flashings- 

cover,  194 

)9,364 

step,  196 

167 

F\U>,  161,  igt 

mf  floors,  115 

rial  arches,  ji 

-ping,  81 

Flailing,  339 

Flemish  bend- 

double,  17 

garden  wall,  l3 

139 

siiigle,  17 

I 

Flier»,  306 

ig,  121 

Flight.,  30s 

FUtches,  117,  154 

Z 

Flitch  girders,  177 

.3.  361 

Floating  coal,  344 

10,  etc. 

Klooring — 

for,  403 

fitlistered,  121 

folding.  111 

J 

iron-tongued,  tiS 

6 

ploughed  and  toogued,  121 

t6 

rebated,  119 

213 

and  filleted,  120 

mpanys,  2:8 

grooved  and  toogued,  1 19 

, 

straight  joint,  118 

Floors- 

ZI5 

s 

double,  no 

no's,  iiS 

framed,  114 

s 

jomls,  107,  etc 

i'>,  SIS 

naked,  99 

xlgers,  116 

single.  99 

,216 

sub,  121 

6 

Flujte,  6j 

7 

Flues,  so 

117 

Flushing  drains,  4n 

J17 

amount  of,  414 

Bulomaiic,  414 

ii 

necessity  for,  414 

Fliwe*  in  bricks,  ; 

Flying  shores,  3SS 

'218 

Folding  doors,  2CI 

ins,  llSi- 

flooring,    12 

ouand  wooil,  138 

l-oolinEilo»alK  19 

Force.  i«)t<  gon  of,  394,  40! 

lriii.i;Uof,39* 

.165 
i  on,  383 

Forest  of  U«n  none,  61 

Forge  pig  iron,  164.  it>6 
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Forms  of  resistance,  379 
Foul  air,  404 
Foul  clay,  3 
Foundations,  347 

chalk,  351 

cUy,  350 

fascines,  351 

good,  348 

gravel,  348 

how  to  test,  348 

nature  of,  348 

piling,  351 

points  to  be  observed  and   guarded 
against,  348 

rock,  348 

sand,  349,  351 

shoring,  349 
Foundry  pig  iron,  164 
Four-centred  arch,  35 

light  casements,  287 

panelled  doors,  251 

Fox  and  Barrett's  floors,  215 
Fox-wedging,  228 
Foxiness,  90 

Fractures  in  cast  iron,  165 
—  in  wrought  iron — 
gradual,  167 
sudden,  167 
Framed  centres,  345 

doors,  346 

floors,  1 14 

ledged  and  braced  doors,  246 

partitions,  123,  124 

structures,  strains  on,  394,  etc. 

French  arch,  37 

casements,  284 

Frieze  rail,  252 

stone,  78 

Frog  in  bricks,  4 
Full-torching,  208 
Funicular,  401 
Furniture,  252 

a 

r^  ABER'S  scaffolds,  358 
^^    Gables,  155,  157 
Galls,  rind,  90 
Gallic  acid,  97 
Galvanising  iron,  169 
GanLster  bricks,  6 


Garden  wall  bond,  18 

English,  18 

Flembh,  18 

Gameti,  cross,  244 

Gas  jets  as  extractors,  407 

Gauge  for  joiners,  235 

of  slates,  205 

•^—  sine,  199 

Gauged-work  in  plaster,  336 
Gault  bricks,  6 
Gefle  timber,  97 
Geometrical  stairs,  310 
Gibs,  145,  182 
Girders^ 

continuous,  376 

fixed,  376 

and  supported,  377 

flitched,  117 

in  iron,  165,  167 

in  wood,  114,  116 

iron,  116,  117 

protection  from  fire,  218 

strains  on :  see  Calculations 

supported,  376 

trussed,  117 

wood,  114 
Glass — 

British  polished  plate,  341 

crown,  341 

plate,  polished,  341 

rough,  341 

polished  plate,  341 

rough  cast,  341 

plate,  341 

sheet,  341 

weight  and  kinds,  341 
Glass-lined  pipes,  410 
Glazed  bricks,  manufacture  of,  6 

socketed  piping,  410 

Glazing,  341 
Glazing  patents — 

Braby's,  342 

British,  342 

Grover's,  342 

Helliwell's,  344 

Pennycook,  343 

Rendle's,  344 
Glued  and  blocked  joints,  224 

steps,  312 

"  Go  "  of  stairs,  305 
Good  bricks,  5 


ons.  381 


H 


gued  flooring,  ii3 


■oanls  for  lead  io,  iGl 


Half-space  landing,  305 
Halving  in  joints  — 

bevelled,  1 07 

dovetailed,    j6 
iinmmcr -dressed.  79 
Hammeitd  rinu,  173 
Handmade  bricks,  4 
Handrails,  305 

liei^t  ot  316 

moalded,  jeS,  11/ 

mopitick,  310 

loid's  back,  j  16 

Hangen  for  spouting,  159 

Hardwoods,  87 

Hatiltf't  rongh-colled  glasi^  341 

Haunch  of  arch,  31 

Ilaunched  tenon,  211 

Kanncbicg,  335 

Head— 

cast  iron,  for  trusses,  143 

orpaniiions,  la; 

of  slates,  305 


Header 


:.  74 


irick5.  14 

1  snap  or  false,  iS 

Heading  bond,  16 
Heading — 

beveUed,  iii 

CTOss-tongued,  III 

joints,  131 

rebated  and  loagued,  121 

tongued,  iii 
Heart  tbftkes,  90 
Heel  joints,  146 

straps,  146 

HelliweU'!,  gluing,  344 
JIcrririE-bone  band,  18 

slrulling.  lOS 
Hinges,  band,  343 

Parliament,  302 

tee,  344 

Ilip.aflcrs,  ISS 
Hips  in  lead,  190 
Hit-aixl-miss  casements,  184 
Hois.ingslone«ckle,3S 
Ilolbnglonslone,  61 
Hollow  vails,  S3,  55 
Honum  &  Rodgers'  flooring,  ll' 
I^Ioaduras  mahogany,  97 
Honeycomb  vails,  aS 
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Hoop-iron  bond,  51 

tongued  floors,  iiS 

Hopper  casements,  282 

fanlights,  249 

Hopton-wood  stone,  64 
Homblower's  flooring,  216 
Horsing  up  centres,  346 
Hot  short  iron,  167 
House  drains,  408 
Housed  joints,  224 

tenons,  222 

Housing,  224 
Howley  Park  stone,  61 
Hung  folding,  287 

on  centres,  250 

to  open  inwards,  2S0 

Hung  to  open  outwards,  282 
Hydraulic  lime,  365 
Hygean  rock,  54 


IGNEOUS  rock,  364 
"*•     Imperial  slates,  205 
Inbonds,  76 
Inlet  ventilators,  406 
Inside  linings,  272 
Inspection  chambers,  413 

as  inlets,  413 

position,  413 

Intersecting  brick  angles,  27 
Interties,  128,  154 
Intrados  of  arches,  33 
Invert  arches,  38 
Invert  blocks,  353 
Iron — 

annealing,  166 
bars:  167 

binders,  116.  117,  122 
cast:  see  Cast  Iron. 
castings  for  roof,  151 
cold  short,  167 
columns,  169,  183 
contraction  of,  167,  171 
elasticity  of,  167 
elongation  of,  167,  171 
expansion  of,  167 
fatigue  of,  167 


Iron  {continued)^^ 

girders,  167 

hot  short,  167 

in  bricks,  2 

malleable,  166 

manufacture  of,  165,  165 

pig :  see  Pig  Iron 

protection  from  Are,  169,  214 

puddled  bars,  i65 

puddling,  167 

rivet,  170 

roofs,  176 

rolling,  167 

shingling,  166 

softening,  166 

straps,  129,  130,  144 

strength  of  cast,  165 

wrought,  167 

wrought :  see  Wrought  Iron 

tank?,  416 

tongued  flooring,  18 

roofs,  cast  iron  in,  151 

details  of,  177,  etc. 

wrought  iron  in,  177 

Iron  and  wood  floors  compared,  122 
Irregular  angles  in  bricks,  24,  25.  26 
Irrigation,  sub-,  416 

surface,  416 

Italian  roofing,  Braby's,  200 

zinc,  200 

Italian  tiles  for  roofing,  212 
walnut,  98 


J 


ACK  rafters,  155 
Jamb  bricks,  9 

—  splayed,  29 

—  to  door  frames,  236 
linings,  289 

stones,  75 


Janus  water  bar,  2S8 

fenny,  361 

Jib  doors,  260 

Joggles,  82 

Joinery  defined,  86,  219 

Joints  — 

at  angles  :  see  Angles 

bevelled,  137 
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142 
> 

see  Dovetailing 
10 

1 74 
ocked,  224 


227,  229 

44,  145 

\ 

149 

Riveted  Joints 

139,  140,  141 
) 


im,  151 

39 
Tenons 

e  ToNGUED  Angles 

I,  112,  116 
116,  136 

4 

\ 
04 


le,  96 
ement,  334 


,  227,  237 
S 


Kick  in  bricks,  4 
Kilns  flare,  366 

tunnel,  366 

Kingbolt,  150,  151 

King  closers,  15 

King- post  trusses,  128,  142,  146 

details  of,  144 

rule  for,  143 

trussed  partitions,  12S 

Kneeler,  81 
Knots  in  timber,  89 
Knotting,  340 
Kjanising,  94 


T   ABELS,  77 

^     Ladies*  slates,  205 

Laggings,  345 
Laid-in  mouldings,  230 

Lamb's-tongue  moulding,  249,  277 

Landings  for  stairs,  305,  31S 

half-space,  305 

quarter-space,  305 

Lanterns,  hipped,  330 

on  flats,  331 

Lanterns  on  roofs,  186,  328,  330 

Lap  carpentry  joints,  141 

dovetails,  226 

joints  in  foundations,  348 

of  slates,  205,  206 

of  tiles,  210 

Lapping,  141 

Larrying,  41 

Latches,  244 

Lath,  zi\ 

and  half,  334 

double,  334 

Lathing,  336 

Lath,  plaster,  float  and  set,  33O 

Laying  boards  for  lead,  161 

floor  boards,  119,  120 

Lead  aprons,  195 

around  chimney,  196 

boards  for,  i6i 

bossing,  188 

cesspools,  195 

cover  flashings,  194 

damp-proof  courses,  57 
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Lead  distance  under  slates,  194 

dots,  198 

drips,  19s 

falls  for,  191 

flashings,  194,  196 

flats,  191 

gutters,  192 

hips,  190 

lined  tanks,  419 

plugs,  198 

raglets  for,  198 

red,  339 

ridges,  189 

rolls,  192,  193 

saddle  pieces,  190 

secret  gutters,  198 

skylights,  325 

soakers,  196 

specification  for,  1S8 

step  flashings,  196 

tingles,  198 

—  valleys,  190 

weight  of,  188 

welts,  198 

white,  339 

Leaf  for  doors,  261 
for  woods,  87 

Lear  boards,  156,  160,  161 
Ledged  and  braced  doors,  244 

doors,  243 

Ledgers,  356 
Lees  Moor  bricks,  6 
Lewises,  362 
Lias  lime,  365 
Lifting  shutters,  302 
Lime — 

Buxton,  333 

Crich,  333 

fat,  333.  339.  364 

hydraulic,  365 

in  bricks,  2 

lias,  365 

poor,  364 

pure,  333 
Limestones — 

compact,  62 

granular,  62 

magnesian,  64 

shelly,  64 
Limewhite,  339 
Limit  of  elasticity,  167 


Limmer  asphalte,  363 

Limy  clay,  3 

Lindsay*8  fire-proof  flooring,  2x6 

Linen  panels,  258 

Linings — 

inside,  272 

jamb,  289 

outside,  272 

panelled,  293 

plain,  289 

soffite,  292 

splayed,  293 

to  back,  273 

to  doors :  see  Casings 

to  elbow,  290,  294 

to  windows,  289,  etc. 
Linseed-oil,  boiled,  339,  340 

raw,  339,  340 

Loads — 

breaking,  371 

concentrated,  371,  37$,  381 

dead,  371 

distributed,  372 

distributed  and  concentrated,  375 

live,  371 

location  of,  375 

safe,  371 

uniform,  372 

unsymmetrical,  401 

working,  371 
Loamy  clay,  3 
Lockrail,  252 

height  of,  252 

Long  tongues,  227 
Loose  beads,  249,  341 

ground,  348 

rebates  tc  casing,  266,  268 

LouvreS;  186,  332 


M 

A/T  ACHINE-MADE  bricks,  4 
^^     McNeills  asphalte,  57 
Magnesia  in  bricks,  2 
Magnesian  limestones,  64 
Mahogany,  Honduras,  97 

Spanish,  98 

Malleable  iron,  166 
Malm,  3 
Malms,  6 
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S,  2 

:tion,  413 
1,61 

65 
5 


)n,  167 

20s 
I  tiles,  205 

79 

34 
69 

:s,  233 


)ne,  61 

f  floor,  217 

e  of  carbon,  164 


Mortise,  chase,  113 
Mortises,  237 

Moulded  both  sides,  doors,  255 
Moulded  bricks,  1 1 
Moulded  handrail,  316 
Mouldings — 

beads :  set  Beads 

Bolection,  232 

CayettOy  232 

chamfer,  233 

cyma  recta,  232 

cymsL  reversa,  23a 

laid-in,  330 

ogee,  232 

ovolo,  231 

planted,  230 

quirk  ovolo,  232 

Scotia,  232 

stuck,  230 

torus,  231 
MuUions,  cased,  27S 

stone,  76 

Muntins,  252 


IT 


'U'AKED  floors,  99 

^  ^      Natural  bed  for  stone,  59 

[ 

seasoning  timber,  90 

Neckings,  78 

Needles,  356 

.rs,  407 

New  work  for  paint,  340 

Newels,  304,  317 

New  Zealand  pine,  96 

Nippers  for  stone,  361 

Nogging-piece,  125 

6 

Norfolk  latches,  244 

27 

Northcroft's  fire-proof  floors,  217 

J 

Norwegian  deal,  95 

6 

Nosmgs,  230^  304 

angles,  223 

Notching,  107 

dovetailed,  107 

P3 

Nuneaton  blue  bricks,  7 

e,  63 

1,316 

9 

of  floor,  217 

QAK- 

^^     American,  97 

366 


cluster,  96 
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Oak  {conthmeii)'^ 

English,  96 

stalk,  96 

Stettin,  97 

wainscot,  97 
Offsets,.  1 9 
Ogee  moulding,  232 
Oil  in  paint :  see  Linseed,  339 
Oldwork  for  paint,  340 
Onega  deals,  95 
Open  covers  to  chambers,  413 

newel  stairs,  310 

slating,  209 

string,  321 

Oregon  pine,  96 

Origin  of  members  in  roof  trusses,  133 

Outbonds,  76 

Outlet  ventilators,  407 

Outside  linings,  272 

Oversailing  courses,  5 1 

Ovolo  moulding,  231 

quirked,  232 

Oxide  paint,  340 


P>ADS  or  palettes,  51 
"^       Padstones  142 
Painting,  339 

iron  and  steel,  169 

Pan  rivets,  172 

Pan  tiles,  21 1 

Panels :  see  Panelled  Doors 

Panelled  casings,  267 

door  lining :  see  Castings 

Panelled  doors — 

bead  butt,  255 

flush,  255 

bolection,  256 

• chamfered,  256 

double-margined,  261 

five-panelled,  251 

folding,  21 

four-panelled,  251 

linen-panelled,  258 

moulded  and  square,  255 

moulded  both  sides,  255 

moulded,  raised,  and  sunk,  258 

' raised  panels,  258 


Panelled  doors  (coniinuejy^ 

raised  and  sunk  panels,  25$ 

sash  doors,  259 

six-panelled,  251 

square-framed,  254 

stop-chamfered,  256 

shutters :  see  Shutters 
window     lining :      see    Window 
Linings 

Papier  mache,  339 

Parapet  walls,  78 

Pargetting  flues,  50 

Parian  cement,  334 

Parkspring  stone,  61 

Parliament  hinges,  302 

Parting  bead,  273 

slip,  273 

Partitions — 

bricknogged,  124 
framed,  123,  124 
quartered,  123,  124 
sizes  for,  loi 
studded,  123,  124 
trussed,  123,  127,  154 

Patent  glazing  :  see  Glazing 

Pearlash,  334 

Peastones,  63 

Pendants,  318 

Penmaenmaur  stone.  36S 

Pennycook  glazing,  343 

Penrhyn  slates,  204 

Perching  timber,  90.  91 

Permanent  set,  167 

Peter's  carbolineum,  71,  94 

Petersburg  deal,  95 

Phosphorus  in  iron,  167 

Piers  in  bricks,  27 

Pig  iron,  164 

forge,  164 

foundry,  164 

origin  of  term  and  manufacture^  '°* 

Piles,  351,  352 

Pile  drivers,  351 

shoes,  352 

Piling,  351 

Pine :  see  Deal 
American,  95 
Kawrie,  96 
New  Zealand.  96 
Oregon,  96 
pitch,  96 


<0- 
S 

nhh  coat«d,  410 

HI 


IW.79 

o  doors,  16 1 

■ripdows,  289 

f.94 

Jings,  330 

is.  333,  366 

333 


tongued,  12 
gging,  233 


Poliibetl  (ict,  'JO 
-  pl«e  glass,  34 

Polled-fkce,  70 

'o!)^on  of  loTcts,  394 

Poor  lime,  364 

Portland  cemenl — 
■niiicUl,  365 
coolness  of,  ^(1$ 
manuftcture  or,  365 
natural,  36; 
storage  of,  366 
strength  of,  366 
weight  of,  366 

Ponlind  slone— 
basebed,  64 
bastard  roach,  64 
roach  bed,  64 
white  bed,  64 

Port  madoc  slates,  304 


folding,  356 
^.348 


Piisla  in  parlilion?,  laj 
PreservalioQ  of  timbei,  93 
Pressed  bricks,  8 
Pricking  u;i  coat,  334 
Priming,  339 
Princesses,    18 
Princess  slates.  305 
PrlncipalraFter!;,  143,  144,  146,  148 
Principals    w  Trusses 
Process  ofalal nig,  206,  107 
Ptoportions     of     ingredient!     in     patn 
340 

concrete,  367 

mortar,  366 

Protection  of  iron  and  steel,  169 

PuJdled  bars,  166 

Puddling,  166 

Pugging  floors,  105 

Pulley  styles,  171 

Pulleys,  273 

Pumice  concrete,  316 

Pumice  stone  for  painting,  34a 

Punched  rivet-holes,  171 

Punched  work,  69 

Puncheons,  154 

Pure  clay,  3 

Pure  lime,  333 

PurUns,  138,  144,  IS4 

Putlogs,  356 

Puny.  344 

Putty  lime.  333,  335 

ruiiolDna,  369 


d 

Raib  of  middle,  152 

lop,  352 

QUADRUPLE  rivrtinc,  i73 
JO     Quarry  bed,  59 

RaUed  and  sunk  panels,  15S 

panels,  258 

Quarleted  putitions,  133.  114 

Raking  bond,  18 

Quarler-spacc  landings,  305 

disigonil,  18 

Qoatti,  364 

herring-boDC,  28 

Quebec  pine,  96 

Ramps,  313 

Queen  closers,  IS 

R»nis,3Sl 

iruues,  148 

Random  tubWc,  66 

flat,  152 

Kansome's  patent  stone,  368 

. joints  of,  149 

Raw  linseed  oil,  340 

rule  for,  148 

Rays,  medullaty   88 

Btndni  on,  154 

Reaction,  372 

Queens,  148 

Reactions,  various  loads,  372 

Queen-lnissed  partilitms,  Il3 

on  cantUevers,  3J5 

Qui.k..  336 

ongir(lers,333,elc. 

Quirk  liead,  231 

on  roof  truaaei,  394,  401 

ovolo,  aji 

Rebated  and  lonpied  floorine.  n) 

Quo'm  bricks,  11 

nnd  filleted  flooring,  120 

Quoins— 

headings,  121 

birdsmouth,  80 

drips,  160 

ehUelled,  79 

flooring,  1 19 

draped  and  broached,  79 

joints  in  stone,  82 

and  diamond  picked,  79 

Rebates,  138 

panelled,  80 

Reciprocals,  396,  397 

plain-cul,  79 

Red  deal,  94 

rock-faced,  79 

fir,  94 

nisticaled,  79 

lead,  339 

scuntion.  So 

Reedi.g,23l 

squint,  80 

Relieving  an:h,  36 

tooled,  79 

Ru-nder   float -ond-set,  334 

venniculated,  79 

Rendering  toal,  334 

Rcndle's  glaiing.  344 

Requirements  of  authorities  for  air.  Iff 

TL 

Return  bead,  224,  231 

lievealed  mulHons,  76 

J^  AFTERS.  I3S 

Reveals,  29,  30,  31 

Ridges,  135 

hip,  155 

lead,  189 

jack,  .56 

slale,  208 

principal,  141,  144.  146,  14S 

wood,  135 

valley,  156,  157 

Riga  timber,  95 

Ragged  bolls,  132 

Rindgalls,  90 

Raglets,  198 

Rings,  annual,  83 

Rails  of  doors,  etc..  246,  253 

Rise  of  arches,  33 

bottom,  252 

—  iron  roofs,  187 

fii«e,  252 

lead  flats,  161 

lock,  252 

slated  roofs,  132,  r43 

height  of,  251 

sleps,  306,  307 

INDEX. 
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oofs,  132,  143 

Rolling  iron,  167 

Dfis,  132,  143 

RoUs  distant  apart,  192 

for  lead,  192,  193 

od  characteristics,  170 

for  zinc,  200 

Roman  cement  and  its  characteristics,  366 

72 

Roof  coverings — 

172 

lead,  188 

ank, 172 

slate,  200 

tiles,  209 

d,  172 

zinc,  199 

Roof  trusses — 

»73 

distances  apart,  142 

73 

origin  of  members,  132,  133,  134 

t 

.  pitches  of,  143 

positions  for,  142 

bolU,  172 

varieties — 

i— 

collar,  137,  152 

combination,  150,  151,  152 

uble,  173 

couple,  135 

druple,  173 

couple  close,  136 

jle,  173 

king  post,  142,  146 

le,  173 

mansard,  154 

4 

queen  post,  148 

le,  174 

queen  post  flat,  152 

druple,  173 

Rot,  dry,  93 

jle,  173 

treatment  for,  93 

le,  173 

wet,  93 

cipared  with  solid,  175 

Rough  arches,  38 

cast,  337»34i 

'4 

Rough-rolled  glass,  341 

'73 

Rubbed  and  gauged  arches,  38 

I 

Rubbed  face,  70 

ipared  with  machine,  172 

Rubber  bricks,  7 

171 

Rubble  walls,  65 

e,  173 

coursed,  68                        » 

•3 

random,  66 

74 

up  to  courses,  66 

4 

squared  or  coursed,  68 

stone,  61 

snecked,  67 

iment,  337 

uncoursed,  67 

up  to  courses,  67 

3US,  200 

Rule  joint  pointing,  43 

) 

Rule  joints,  298 

364 

Rules  for  brick  bond,  15 

itions,  348 

Rules  for  floors  — 

double,  114 

D 

framed,  116 

79 

smgle,  109 

)n,  178,  181 

Rules  for  roofs — 

iron,  187 

;>  64 

king,  143 

^<^ 
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Rules  for  roofs  {coniinued) — 

queen,  148 
Rules  for  slating  and  tiling,  206 
—  for  stairs  and  steps,  307 

for  stone  ashlar,  68 

Runcorn  stone,  62 
Running  sand,  351 
Russian  deals,  95 
Rusticated  quoins,  79 


S 


O  ADDLEBACK  coping,  38 

O     joints,  83 

Saddlepiece  in  lead,  190 
Safe  load,  371 
Safety  factor,  371 

factors,  383 

Samels,  5 
Sand,  333 

Sand-moulded  bricks,  4 
Sandstones,  60 
Sandy  clay,  3 

Sandy  foundations,  349,  351 
Sap,  88 
Sash- 
bars,  232 

cords,  272,  277 

doors,  259 

fasteners,  279 

rails,  273 

styles,  273 

weights,  272 
Sash  frames — 

circular-headed,  279 

parts  of,  272,  273 

segment-headed,  279 

square,  279 

Venetian,  278 
Sashes — 

circular,  279 

double-hung,  273 

fixed,  278 

marginal,  279 

parts  of,  272,  273 

single-hung,  273,  275 
Scabbled  face,  69 
Scaffolding,  356 
gabcrs,  358 


Scaffolding,  ordinary,  356 
Scagliola,  337 
Scappled  face,  69 
Scar£i  for  compression,  140 

for  tension,  139 

for  transverse,  140 

Schemearch,  24 
Sdntling,  4 

Scotch  bracketing,  338 
Scotgate  ashstone,  61 
Scotia  moulding,  232 
Screeds,  334 
Screws,  coach,  177,  186 
-•■    coupling,  186 
Scribed  housing.  228 
Scribing,  228,  278 
Scuntion  quoins,  80 
Scutched  face,  70 
Seasoning  timber  — 

natural  process,  90 

steaming ,  92 

water ,  92 

Secret  dovetails,  226 

gutters,  198 

Secret-nailed  flooring,  120 
Segmental  arches,  33 

sashes,  279 

and  frames,  279 

Selenetic  cement,  337,  366 
Semicircular  arches,  34 
Septa,  transverse,  88 
Serpentine,  368 
Set-permanent,  167 
Setting-coat,  334 
Sewers — 

circular,  352 

culverts,  353 

drains,  410 

egg-shaped,  353 

traps,  408 
Seyssel  asphalte,  363 
Shakes  in  timber,  89 

in  cup,  89 

in  heart,  90 

in  star,  90 

Shape  of  drains,  4 1 0 
Shaped  backings,  325 
Shear  legs,  358 
Shear  steel  **  double,"  168 

"single,"  168 

Shearing  strain,  371 
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in  on  rivets,  170 

mes,  64 
1,  166 

in  roof,  151 
352 

Jdings,  354 

^  3S4,  355 
►ns,  349 

3res,  3S5 

cold,"  167 

lot,"  167 

tlating,  20S 

tenons.  125 

295 

f  various  kinds,  295 

302 
295 

D2 
2 

;o2 

,  168 

tin  steel,  16S 
e,  368 


ank,  276 

sill,  148 
1  in  oak,  88 
sh  bond,  17 

►9 

les  for,  109 

4 

door  casings,  264 

,  173.  175 
,"  168 

doors,  253 

173 
,  205 
ngs,  266 

13 

moulded,  270 

•ails,  323 


Skylights  {continued) — 

varieties  and  their  details,  321,  etc. 
Slaked  lime,  333,  335,  36$ 
Slates,  200 

back  of,  205 

Bangor,  204 

bed  of,  205 

characteristics,  202 

countess,  205 

damp  courses,  57 

duchess,  206 

gauge  of,  206 

good,  202 

head  of,  205 

lap  of,  205,  206 

margin  of,  205 

—  -  Penrhyn,  204 

pitch  of,  132 

Portmadoc,  204 

ridge,  208 

sizes  of,  20$ 

stone,  204 

tail  of,  205 

tanks,  416 

Welsh,  204 

Westmoreland,  203 

Whitland  Abbey,  204 

varieties  of,  20$ 

Slating— 

bedding,  209 

bond  of,  207 

centre-nailed,  207 

countess,  207 

duchess,  207 

open,  209 

process  of,  206,  207 

rendered,  209 

shouldered,  208 

topnailed,  207 

torched,  208 
Sleeper  walls,  28 
Sliding  casements,  283 

doors,  261 

shutters,  302 

Slip  feather,  227 
Slop-moulded  bricks,  4 
Smelting,  164,  188 
Snap  headers,  18,  22 
Snap  rivets,  172 
Snecked  rubble,  coursed,  68 
incoursed,  67 
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Snecked  rabble,  up  to  courses,  67 

Snow  boards,  162 

Soakers,  196 

Soap  bricks,  1 1 

Soderham  timber,  95 

Soffite  of  arch,  33 

of  boarding,  158 

—  of  casings,  267 

lining,  293 

Softening  iron,  166 
Soil  pipes — 

glass-lined,  41 7 

lead,  417 

ventilators,  417 
Solder,  195 
Soldered  dots,  198 
Solid  frames  :  set  Casements 

stem,  105 

steps,  83 
Sound  boarding,  105 

—  bricks,  5 
Span  of  arch,  33 
Spandril  steps,  83 
Spandrils  or  arches,  33 
Spanish  mahogany,  97 
Specification  for  lead,  188 
for  new  painting,  340 

—  for  old  painting,  340 
Spink  well  stone,  61 
Splayed  jambs,  29 

linings,  292 

reveals,  29.  eta 

Split  bricks,  1 1 

Spouting,  158,  159 

Spring  steel,  168 

Springers,  33,  80 

Springing  line,  33 

Squared  rubble  :  see  Snecked 

Square-framed  doors,  254 

and  moulded,  255 

Squint  angles  in  brick,  8 

quoins,  80 

Staff  beaded  angle,  224,  231 
Staff  rivets,  172 
Staircases,  303 
Stairs — 

details  or,  312,  322 

dog-legged,  309 

geometrical,  310 

open-newelled,  310 

rules  for,  307 


Stairs  (contimud) — 

solid  steps,  83,  322 

spandril  steps,  83,  322 

stone  steps,  83,  85 

straight,  308 

terms  in  use,  304 

wreathed,  310 
Stalk-fruited  oak.  96 
Star  shakes,  90 
Steaming  timber,  92 
Steel- 
Bessemer,  168 

blister,  168 

cast,  168 

corrosion  of,  169 

double  shear,  168 

elasticity  of,  168 

manufacture  of,  168 

mUd,  168 

protection  of,  169 

qualities  of,  168 

shear,  168 

double,  168 

Siemens,  168 

Siemens-Martin,  168 

single,  168 

spring,  168 

strength  of,  167 

tempering,  168 

tool,  168 

Whitworth's,  168 
Stemming,  pieces,  125 

solid,  105 

Step  flashing,  196 
Steps :  sec  Stairs 
Stettin  oak,  97 
Stirrup  straps,  114,  145 
Stock  bricks,  6 
Stone — 

limestones,  various,  62 

rubble, 65,  72 

sandstones,  —  60 

walling,  6$ 

work  and  details  generally»  7^'  °^ 
Stone  slates,  204 
Stoolings,  73 

Stop-chamfered  doors,  256 
Stop  lead,  273 
Stopping  for  paint,  340 
Storage  of  cement,  366 
—  of  water,  419 
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es,  34 

Sub- floors,  122 

3ring,  1 18 

irrigation,  416 

inting,  43 

Saflblk  bricks,  6 

5,308 

Sulphate  of  lime,  366 

m,  148 

Sulphur  in  iron,  167 

Surbase,  271 

iples  of  varieties,  381,  etc 

Suspension  rods,  178,  181,  184 

CULATION 

Swan-necks,  183 

146 

Swedish  timber,  95 

P.  145 

Sycamore,  98 

■ 

Sjrphonage,  418 

65 

Szerelmy's  stone-covering  solution, 

;,  62 

T 

?5 

'  1  'ABLE  for  iron  roofe,  187 
-*•      Tabled  joints,  83,  139 

eS|  60 

Tail  bay,  112 

iron,  67 

of  slates,  205 

Tanks  for  water,  419 

372 

Tar  damp  courses,  57 

live,  391 

Taylor's  roofing  tiles,  211 

371 

Teak.  97 

m 

Tempering  clay,  3 

e,  372 

steel,  168 

:ks,  14 

Tenons,  125,  237 

nd,  17 

barefaced,  222 

5,58 

double,  222 

-  —  haunched,  221 

[ 

housed,  222 

mitred,  321 

stub,  125 

M 

stump,  222 

I4»  321 

tusk,  109,  126,  148,  156 

J 

Tensile  stress,  371 

4,  3" 

Tension,  370 

3 

joints,  180 

jointing,  42 

rods,  180 

m  joints,  151 

Terra-cotta — 

and  blocked,  185 

colour  of,  368 

IS!*  184 

manufacture  of,  368 

,  147,  144,  145 

qualities  of,  368 

1 

uses  for,  368 

[25 

Tests  for  drains  ~ 

rd,  337 

peppermint,  411 

•d,  335,  337 

smoke,  411 

ng,  230 

water,  41 1 

tions,  123,  124 

Thompson's  bricks,  6 

* 

Threads — 

minus,  186 

,  -222 

Threads,  plus,  186 

52 

Three-centred  arch,  34 
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Three-coat  work,  334 
Three-quarter  bonders,  65 
Throating,  73 
Through  bonders,  65 
Ties- 
angle,  156 

beams,  133.  142 

cross,  187 

diagonal,  186 

dragon,  156 

rods,  180 
Tiles- 
advantages  and  disadvantages  of,  209 

corrugated,  211 

creasing,  58 

good  characteristics  of,  209 

Italian,  212 

pan,  211 

pitch  of,  132,  209 

qualities  of,  209 

size  of,  209 

Taylor's,  211 

Wade  and  Cherry's,  211 
Tile  and  half,  211 
Tiling,  209 
Tilter,  156,  160 
Timber- 
balk,  94 

boiling  and  steaming  of,  92 

characteristics  of  good,  89 

Dantzic,  95 

defects,  89 

good  timber,  89 

growth  of,  88 

Memel,  94 

perching  of,  91 

preservation  of,  92 

Riga,  95 

rot  in,  93 

sap  in,  89 

seasoning  of,  90 

strength  of,  95 

unevenness  of  colour  of,  90 

varieties  of,  87 
Tingles,  198 
Tisbury  stone,  64 
Toads-back  handrail,  316 
Tobin  ventilators,  406 
Tongue — 

cross,  226 

long,  276 


Tongued  angles,  222,  293 

flooring,  1 18* 

headings,  121 

Tooled  face,  70 

Tool  steel,  168 

Top-nailed  slating,  207 

Top  rails,  252 

Top  ventilation,  41 1 

Torching,  208 

Torus  moulded  skirting,  23 1 

moulding,  231 

Transom,  76 
Transverse,  scarfs  for,  140 

,  septa,  88 

stress,  372 

Trap,  368 
Traps— 

requirements  of,  409 

uses  of,  409 
Travellers,  360 
Treads,  304 

Trees,  ventilation  up,  414 
Triangle  of  forces,  394 
Trimmed  joists,  104 
Trimmer  arches,  45 

joists.  104,  317,  319 

Trimming,  103,  104,  317,  319 

joists,  104 

Triple  riveting,  173 

Trough  gutters,  161 

Trowelled  stucco,  335 

Trussed  girders,  or  beams,  117, 118,  ij 

partitions,  127 

purlins,  154 

Trusses  :  see  Roofs 

Tuck  pointing,  44 

Tudor  arch,  55 

Tunnel  kilns,  366 

Turning  piece,  243,  345 

Turpentine,  339 

Turret  steps,  85 

Tusk  tenon,  109,  126,  14S,  156 

Two-coat  plastering,  334 

Two-light  windows,  2S6 


U 

TTLEABURG  timber,  9$ 
^-^       Underpinning,  362 
Undersetting,  362 
Unsymmctrical  loading,  401 


WJlpUtes,  IJ3,  etc. 

Walls,  hollow,  55 

Walnut,  Ameiicnn,  98 

Itilian,  98 

T 

Warmlh  in  veQlilotion.  4°? 

Waih-down  closets,  4'3 

Wash-out .A^i 

3m7<  «33 

Water  bars,  2S8 

^le,363 

Water  supply,  419 

cisterns,  419 

17 

overflow  pipes,  420 

ini,4i6 

storage,  419 

liik  of  freuing,  420 

valve,  416 

J 

wash-down,  41G 

7« 

wash-out,  416 

Weather  bouds,  aSS 

Weather  pointing,  41 

Woathennes,  76.  78.  «> 

! 

Webs  of  girders.  165 

s,  406 

Wedges,  194.  =37-  3I3 

\V«lj;ing,fox,128 

ddisaavantages,  405 

Weight  ofglass,  34' 

:1,406 

oflead,  188 

te  levels,  406 

oftitnbet,  95.  96 

-.406 

Wei(;ht5of5ashes,a7« 

17 

Welsh  sUtes,  104 

Welti  for  lead,  198 

Westmoreland  slate*,  a03 

Westwooil  stone,  63 

Wei  rot,  93 

Whiehcord'i  fireproof  flooring 

07 

WhiiLstone,  36S 

.406 

\Vhitbed.04 

White  cast  iron.  1S4 

deal,  94 

>7 

lead,  339 

Wliilenins,  339 

109 

ains,79 

Whilland  Abbey  slates,  304 

69 

Width  of  itaiiB,  307 

*i.33 

ttftreads,  306,  307 

Windledges,46 

Window  backs,  33,  aSg,  J90 

W 

boards,  a88 

Cherry  tiles,  211 

finishings,  ago.  etc. 

M  oak,  97 

—  linings,  289.  etc. 

1   Window  ahutten,  29S 
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Window  shutters  (cffttHmud)— 

ventilation  through,  276 
Winders  in  stairs,  306,  308,  312,  319 
Winsley  ground  stone,  63 
Withes,  50 
Wood  bracketing,  338 

bricks,  51 

floors,  99 

roofs,  132,  etc 

Wood  and  iron  floors  compared,  I23 
Woodville  bricks,  7 
Working  load,  371 
Wreathed  stairs,  310,  320 
Wrought  iron — 

bars :  ue 

characteristics  of,  167 

elasticity  of,  167,  170 

elongation  of,  167,  170 

fatigue  of,  167 

fractures  in,  167 

hangers  and  straps,  129,  130,  144 

manufacture  of,  166 

protection  of,  169 

paddling,  166 

rolling,  167 

roofs  in,  176 

shingling,  166 


Wrought  iron  {continued)- 
strength  of,  167 
welding,  167 


V7'ARDguUies,4i8 
■*■      Yellow  deal,  94 

pine,  95 

Yorkshire  stone,  61 


Z 


7IGZAG  riveting,  174 
^     Zinc,  199 

Braby's,  200 

clips,  200 

corrugated,  199 


gauge,  199 

Italian  roofing,  200 

ridges,  200 

rolls,  200 

roofe,  199 

sheets,  199 
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Enlarged,  with  59  Engravings.     Fcap.  8vo,  y.  M,,  cloth. 

Summary  of  Contents. 


Chap.  I.  Mfxhanical  Principles. — II.  Re- 
taining Walls. — iII.ARCIIE8,CUPOLAS,SplRES. 

— IV.BuildingStones— V.Tiiiber.— VI.Iron. 


—VII.  Fluids  at  Rest  and  in  Motion.— 
Vill.  Lightning  Conductors,  Appendix, 
Tables  of  Strength  op  Materials,  etc 

"  A  very  valuable  book,  which  we  strongly  recommend  to  all  students." — Bmldtr. 

**  No  architectural  student  should  be  without  this  handbook  of  constructional  knowledge."— 
Architect. 

"A  valuable  handbook  to  the  student  whn  is  desirous  of  qualifying  himself  for  the  architectural 
examinations.  As  a  repertoire  of  the  scientific  principles  of  construction  in  whidi  the  architect  is 
concerned,  Mr.  Tarn's  t>ook  is  unsurpassed."— BMi/c/i/fO'  News. 

PRACTICAL     GEOMETRY     for    ihe    Architect,    Engineer,    and 

Mechanic  Giving  Rules  for  the  Delineation  and  Application  of  various  Geometrical 
Lines,  Figures,  and  Curves.  By  E.  Wyndham  Tarn,  M.A.,  Architect,  Author  of 
**Tlie  Science  of  Building,"  etc  Second  Edition.  With  172  Illustrations.  Demy 
8vo,  9r.,  cloth. 

"  No  book  with  the  same  object  in  view  has  ever  been  published  in  which  the  clearness  of  the 
rules  laid  down  .and  the  illustrative  diagrams  have  been  so  satisfactory." — Scotsman. 

THE    STUDENT'S     GUIDE     TO    THE     PRACTICE    OF 

MEASURING  AND  VALUING  ARTIFICERS'  WORKS.  By  E.  Dobixjn. 
Re- written  and  Enlarged  by  E.  Wyndham  Tarn,  M.A.  Sixth  Edition.  With 
8  Plates  and  G^  Wooclcuts.     Crown  8vo,  7j.  6r/.,  cloth. 

**  Well  fulfils  the  promise  of  its  title-page,  and  we  can  thoroughly  recommend  it  to  the  class  for 
whose  use  it  has  been  compiled.  Mr.  Tarn's  additions  and  revisions  have  much  increased  the 
usefulness  of  the  work,  ana  have  especially  augmented  its  value  to  students." — Engineering. 

"  This  edition  will  be  found  the  most  complete  treatise  on  the  principles  of  measunng  and 
valuing  artificer's  work  that  has  yet  been  published.**— Bwf7(/fM^yV#nr5. 

THE    CONSTRUCTION    OF    ROOFS    OF   WOOD    AND 

I  RON  :  Dc'luced  chiefly  from  the  works  of  Kobison,  Tredgold,  and  Humber.  By  E. 
Wyndham  Tarn,  M.A.,  Architect.    Second  Edition,  RevUed.    i2mo,  is.  6</.,  doth. 

*'  Mr.  Tarn  is  so  thoroughly  mister  of  his  subject,  that  although  the  treatise  is  founded  on  the 
works  of  other?,  he  has  given  it  a  distinct  value  of  his  own.  It  will  be  found  valuable  by  all 
students."—  Builder. 

LIGHT:   An  Introduction  to  the  Science  of  Optics.     Designed  for  the 

Use  of  Students  of  Architecture,  Engineering,  and  other  Applied  Sciences.     By  E. 

Wyndham    Tarn,    M.A.,   Author  of   "The  Science  of  Building,'*  etc.     nmo, 

\s.  6ii.,  cloth. 

"  rhe  principal  facts  of  the  subject  are  dearly  set  forth  in  this  useful  volume,  and  students  with 

a  (;ood  knowledge  of  elementary  mathematics  will  find  little  difficulty  in  mastering  all  that  appear 

in  this  book."— GVrts^w  Herald. 

London :  CEOSBT  LOCKWOOD  ft  SON,  7,  Stationers*  Hill  Oovri,  E.C. 


7,  Stationers'  Hall  Court,  London,  EC. 
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SCIENCE,    TRADE    AND    MANUFACTURES; 
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MECHANICAL  ENGINEERING,  etc. 


Olark'e  Poohet-Book  for  Mechaniaal  Engineers. 
THE     MECHANICAL      ENGINEER'S      POCKET-BOOK    of 

Tables.  Formul.F.  Rules,  and  Dala  ;  A  Handy  Book  of  Reference  for  Dailv  Vse 
in  Engineering   Practice.      By  D.  Kinnear  Clark,   M.  Insl.   C.E..  Author  or 
"  Railway  -MAcbinery."  "  Tramways,''  &c.     Third  Edition,  Revised.     Small  8vo, 
700  f  ages,  6/,  bound  in  Qcxible  leather  covet,  rounded  comen. 
Summary  of  Contknts. 

':'.-,  _l>,,c«  MiiT«i^  WaiciHTl  AND  MaMunis.— PomicH  Wucht^  >nd  HuAtuixs.— 
i'lc  GitviTr,  Weight  «HD  VoLL'ME.— Mahufacturid  Hetali.—Steu.  Pipe.— 
-  — SUHDHV  AancLKi  ix  WaauotiT  and  Cast  Idoh.  Corriu,  BK.ISJ,  Liad,  I'm, 

iM.— Strmcth  or  Stsbl.— Tefiili  Stkhigtii  or  Corm,  Le*u,  ktc— Rui»- 

_  .  -  ..  ,„  J  kuru  *Bn  Hmf  Ropbs.— C«Aim  and  Chaib  CABLm;.— Fiauihc— Hhohus  o" 

.l~.  All  ..JANdStONIS.— LABDL'KarAHIXALB.— MiCHANICALfiniCirLU.— Cl>AriTr«l(Ill>ALt. 
.n...  —  ArriiiitTIHSAHDRETAIIDIIiaFOICaa.— MlU.GlAdHa.SHAFTINC.ftC'— TkAHSHIUIOH 

— HiAT. — COHBUiTiod  1  Foau.— Wahhho,  VaMTitATioB,  Cooicino  Stovbi.— 

leiMU  AMD  BOILHI.— RaILWAVI.— TaAHWAVI StSAH  SHI rS.— Pu H PINC  Stiam 

. i.~CoAL  Gai.  Cm  Khcinis.  >c.— Ai>  irt  Motioh.— CoupsBsaD  Aia. — Mot  Aia 

>.— W  ■.TBu  PowmL— Sriao  or  Cuttixo  Tooli.— Coloubs.— ELacTPicAi.  KNcixiuinc. 

*,•  Opinions  of  thb  Press. 

.  Oiik  minlfeiU  whll  ii  an  innale  perccpllon  of  whsl  is  likely  Id  be  useful  in  a  pocket. 
d  he  li  reilly  unrivalled  In  ifaeart  of  condeouilon,  Vtty  lequenlly  we  find  the  Inlbraiuieii 
re  iubieei  l»  tuppllBd  by  giving  a  suinmity  desoiplion  ol  an  oiptriraenl.  and  a  slatemenl  of 
lliobiAlned.  Toaie  ill  very  eicellenilleim  ublE.occupvIagGve^nd-a-balfpigei;  and  tberc 
\  aivcn  lot  HVecal  calcoltllaiu,  vhicb  rulu  cannot  be  (bund  in  oiber  poclui-booki,  ai,  for 

"'  -■         ~-    -  .    P™  ....  ,  ,^^  ^j  ^jj  iJ  ,lj  nlilil*.     In 


i.   Clark'i  Pooliei-book  iionly  Malc«iTorib 
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MR   HUTTOM'S   PRACTICAL    HANDBOOKS. 

Handbook  for  Works'  Managers. 

THE   WORKS'   MANAGER'S   MANDBOOK  of  Modem  RuIm. 

Tables,  and  Data.      For  Engmeera,  Millwright,  and  Boiler  Makers ;  Tool  tttkm, 

Mflchinislfi,  and  McUl  Workers  ;  Iron  and  Brass  Founiieri,  Slc.    By  W.  S.  HwTIo:*, 

Civil  and  Mechanical  Engineer,  Anlbor  of  "The  Practical  Engitieer's  Handbock," 

Fitth  Edition,  carefully  Revised,  with  Additions.      In  One  handsome  Volow, 

medium  8vo,  price  151,  strangty  b«and. 

^    TAt  Auiior  Aaving  (tmfi/ed  Xuies  and  Da/a/ir  AtiBim  uitMagrffMrit} 

ef  modirH  iHginttring  -ureri.  and  iati'ng  fmatd  his  nola  txirtmtly  ut^ul,  dtiiiiei  • 

fubliih  them — revisid  la  date—bcliiviiiglhal  a  praiiiial  toerk,  tuiltd  U  lit  DAILY  U- 

QDiBEMENTs  ov  MOBEBN  zfQitiKtiis,  uvu/J ft /ofeurai/y  irtll't'o/. 

*,*  Opinions  oi"  th«  Press 

"Of  ibitcdnionweinayreDui  the  apprtdaliveremuki  we  made  upon  IhtlifUuid  third.  Siw 
■  he  (ppeanncc  af  the  laliEivetv  CDiivdcrafakniDdificauont  luvc  ti«n  iiuule,aJlh(>iiEta  the  DUl  unakiT 
of  paid  xmuni  alnoK  the  tune.  Ii  ii  ■  very  ii»fuL  cclIeciiDQ  of  nilo,  uliLet.  and  workihwul 
drawir^E  office  data."^r^  £iipHtrr,  May  10,  1895- 

"  Ttwautbor  treat!  evfltyiubjectfram  ifae  poini  of  view  of  fnie  who  hju  collected  wDrHuhopBOMlkr 
■ppticUHm  ID  workshop  pnuticc,  rather  than  from  the  Iheotclical  or  literary  aipect.  The  vDlnoemitni 
a  (real  deal  of  ibsl  kind  of  inAnmatioo  which  iiiaincd  only  bypraeliciluiKiieDce,  and  iixkloBiinitn 
in  Wik*."-r*.  E^Nor,  June  s.  --'»!■ 

"  The  volaoM  ia  an  eaceedin^y  uiehil  one.  brimful  with  eneineen'  nnls.  memannda,  ud  nil«  •*• 
well  worthy  of  beuia  op  every  mechanical  eneineer't  bookihelf.  — ^«-A*iHcaJ  f  ffnA£ 

"  The  inlbrmation  ia  preciiely  thai  likely  ID  be  required  ia  practice.  .  .  .  The  work  f «»  a  «; 
liiable  addjiioo  to  the  liVary  nol  only  of  the  works'  manager,  but  of  anyone  connecKd  irilh  leMol 
eiiglmering."-jlfi«)iw  ?""»«'.  , 


New  Manual  for  Practical  Engineers. 

THE   PRACTICAL   ENGINEER'S  MANDBOOK.  Comprising  1 

Treatise   on  Modem  Engines  and   Bailers,  Marine,  Locomotive,  and  StalioauT> 

And  containing  a  large  collection  of  Rules  and  Practical  Data  retaling  to  nccV 

Practice  in  Designing  and  Conslmcting  all  kinds  of  Engines,  Boilers,  and  aUin 

Engineering  work.     The  whole  constitutiDg  a  comprehensive  Key  to  the  Saui  '^ 

Trade  and  other  Examinations  fnr  Certiftcates  of  Competency  in  Modem  Hechuw*! 

Engineering,     By  Waltbr  S.  Ht)TTON,  Civil  and  Meclianicil  Engineer,  Author  ol 

"The  Works'  Manager's  Handbook  for  Engineers,"  &c.     With  upwaids  of  37" 

lUustralions.      Fifth  Edition,  Revised,  with  Additions.      Medium  Svo,  neatly  !W 

pp.,  price  iSr.  strongly  bound.  [yuit puilii^ 

%ir   This  work  is  desiglttdas  a  cvmpaniaH  la  the  Aitlkot'i  "  WosKs'  MahaCU') 

Handbook."    ll pessessts  maay  new  ana  oHginai  ftalures,  and nniaiHs,  tikt  Us  fnet 

ttsser,  aguanlily  of  mailer  not  eriginally  inlindid  ftr  pabtication,  iul  eallttlid^l'' 

Auther  fur  his  bw»  uii  in  tht  conslrudian  af  a  griat  varitly  af  Modbrn  EmgineuiK 

Work. 

Till  infannalian  is  given  in  a  ctndeniid  and  loncisefami,  and  is  iUnstrttedijllif^^ 
wards  ef  yjo  WeBd<uti;aad  csmfristt  a  yuanlilji  a/  lahulaled  inallir  a/  gnat  valuf  11 '' 
ingagtd  in  disigaing,  eomlrutliag,  or  tslimating  far  ENGInr        "      -  - 

Engineimng  Work. 

*,*  Opinions  of  the  Press, 

'■  We  have  kept  it  ai  hand  lor  «vcral  weeks  refnrini  la  ii  as  oeca&ii 

"  A  choroughly  good  practical  hi 
thing  that  will  be  of  tervieo  to  hir  " 
~'  An  eicellent  book  af  rsfere 


s,   Boilers,  and  OTBU 


-a  through  without  \t 


"Thiivalua' 


judgment  lu  th 
nebl  of  iu  kim 


<di„gNrc> 
t  collecled 


caperiM 


loflbel 


illuatratioiu.    Tlie  book  wi 


ciical  data,  and  has  dii 


greatly  eluciAaied  M.* 
.it«.l!raBk.so««>'<^ 


MECHANICAL  ENGINEERING,   At. 


MR.  HUTrON'S   PRACTICAL   HANDBOOKS— ronlinuAf. 

'tactical  Treatise  on  Modern  Steam-Boilers. 

STEAM  BOILER  CONSTRUCTION.     A  Practical  Handbook  tor 

Engineers,  Hoiler- Makers,  and  Stram  L'scn.  Containing  a  large  Collection  ol 
Rules  and  Data  relating  tci  Recent  Practice  in  the  Design,  CaastructbD,  and  Work- 
ing of  nil  Kinds  of  Stationary,  Loeomolivc,  and  Marine  Steam- Boilers.  By  Walter 
S.  HuTTON,  Civil  and  Mechanical  Engineer,  Author  of  "The  Works'  Managet'a 
Handbook,''  "The  Practical  Engineer's  Handbook,"  &c.  With  upvards  of  300 
Illustrations.     Second  Edition,  medium  8to.  iSj.  cloth. 

I^r  This  Work  ii  isswd  in  cemiHitatien  sf  the  Siriis  of  HuHdbBoks  writteit  ky 
l«-4a/-5»f,  Ml,— "The  Works' MANAGKk's  Handbook"  and  "The  Practical 
Ivginber's  Handbook," Hiii'iii  ansa  kigUy  apprtdatid by  Engitutrs  for Iht ptaciicai 
afure  of  their  infarntalioa  ;  and  ii  anttijuetUly  writltn  in  ikt  saute  style  as  thoit  aierks. 
The  Aulher  bilievei  thai  Iht  cenciHtToiioH.  in  a  taiveititHl  farm  far  easy  re/ertnii. 
f  suck  a  large  ameunt  0/  IhtrvugUy  praclieaJ  infermalion  •in  Sltaui-Hoilers,  will  it  »f 
^asiderabli  iervite  to  those  for  ■whom  it  is  inttndtd,  and  hi  trusts  the  booi  may  be  dtemtd 
t^rfhy  of  as  favourable  a  reteptian  as  has  bren  oieorded  to  its  fredeiessttrs, 

*.*  Ohnioss  of  the  Press. 

"Every  deuil,  boLh  lb  bdiler  detigti  lod  maiaagemenc,  iKCle^rty  laid  bcforv  LbereuStr.    Tbcvoliuna 
wwtllkai  baiter  caaiuuclton  hkt  be«n  r«duc«t  id  itic  coDdilion  Hoae  of  ibe  muu  e^ici  HZirnca ;  aad 

" TliBV  lui  lone  been  room  for  a  madem  luddbook  on  Hteam  boilen;  tbere  b  not  (hat  lOom  aow. 

-    "-  " ->—  •"--■-■     I.  itathoioughl,  pmcticalbK*  for  ibiHe  who  «r '"'  '-  -"- 

ru«  ofboilerJ'-f^W.  ^       , 
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""Tbenlacof  ^>  book  can  hudljr  be  oVEi-sumied.     The: 
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futton's  "Modernised  Templeton," 

THE  PRACTICAL  MECHANICS'  WORKSHOP  COMPANION 

Comprising  a  great  vaiiely  of  the 


useful  Rules  and  Formulx  in  Mechanicai 
Science,   with  "numerous  'Tables  of  Practical   Data  and   Calculated   Results  lor 
Facilitating   Mechanical  Operations.        By  William    Templkton,    Author    of 
"The  Engineer's  Practical  Assistant,"  &C.  &c.       Seventeenth   Edition,  Revised, 
Modernised,  and  considerably  Enlarged  by  Walter  S.  HutTon,  C.E.,  Author  of 
Manager's   HandtHxik.''  ''The  Practical   Engineer's   Handbook," 
Fcap.  8vo,  nearly  joo  pp.,  with  S  Plates  and  upwards  of  350  Illut>i 
ims,  6j.  strongly  bound  for  workshop  or  pocket 


ModeraJ! 
V-Tbe  V 

^Ejagram: 


m  aod  largely-used 


tgpfeton's  Engineer's  and  Machinist's  Assistant 
ETHE    ENGINEER'S,  MILLWRIGHT'S,  AND   MACHINIST'S 

md  Data.    By  WiLl 


Ijti  dexrvedly  populu  wi 


4  CROSBY  LOCKWOOD   &•  SOyS  CATALOGUE. 

foley'a  Office  Reference  Booh  for  Mechanical  Engineers. 

Tne  MECHANICAL  ENGINEER'S  REFERENCE  BOOK,  for 

Macliinc  and  Boiler  Consiniction.  In  Two  Pails.  Pait  I.  General  Engisim- 
ING  Data,  Pm  II.  Boilkk  Construction.  Wiih  51  Pliies  and  niuufoa 
lUostratianG.  By  Nelson  Foley,  M.I.N.A.  5«u>nd  Edition,  Revised  thntjb- 
out  and  much  Enlarged.     Folio,  £i  31.  net,  hutf-bound. 

IT  1. 

ic.,  Squikis,  Cub»,  Fouith  Powiu— Stum 


■Hwtis  OF  Mki«l»,— FmcTioic.— TiAMSHissiaw  o 
s.— Air  PuHrs.  Suiif*ci  Cordiksiis.  luSrEKB 
lOts,— Plahqes,— Corpm  SHisTii  and  Tuan 
Rccirls  Axu  MiaciLLAiioui  Uattmi— With  I 
orss.  DiscHABOK  AKD   Suctian    Pins,  Scuw  I 

PART  II. 

XKI.— UsirtJI.  RATiot.— Notes 

«   Fu SHACKS.— Plat  Pl*i«b.— St*V8 


*,*   OPINIOKS   OF  THB   P»ISS. 

'"^r.  Fo18"h  Ml!  filled  10  CHDpikwchBwoik.     .    .    ..' 
oliunc  whwh  will  undoubtedly  lulfij  Ihedaiireor  Ihcaulbot  uil 


Goal  and  Speed  Tables. 

A  POCKET   BOOK   OF   COAL    AND    SPEED    TABLES,  for 

Engineers  and  Steam-U5ers.      By  Nelsos   Foley.  Author  of  "The  Meduaiol 
Engineer's  Reference  Book."    Pocket-siie,  y.  6ii.  cloth. 
'*TbdH  Dblesan  duigoed  to  nuHE  Iho  Toquircnunti  of  eroTTMlAr  1U4;  they  Art  of  ujSdtftlE'pc 
(or  DKMt  puclical  purpoKi,  aod  nuy  be  cwnmendcd  Is  enpneBn  aud  UKnef  itcan."— /m. 

"Thii pocket-book  well  meriii  ihc ■tieniion  o(  ihe  practical eniineet,    Mr.  Fe1«]r  fau  esB|«W> 

cootumns,  jod'-tis  of  ileain."— /™«  aiil  C«tl  Tradii  Rn-in: 

Steam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  With  a  Supplcroenl 
on  Gas  Ekoi.nes,  and  Part  II.  on  Heat  En.iines.  By  T.  M.  GooDBl'l,  M.A.. 
Batriitcr-at-Law,  Professor  of  Mechanics  at  the  Royal  College  of  Science,  LoriwS 
Author  ol  "The  Frinclplea  of  Mechanics,"  "TbG  Elemcnti  of  MechulA 
&c.     Thirteenth  Edition.      Crown  Svo,  6).  doth. 


"Pmkuoc  CoDdevcliAi  given  ma  treaiiie  on  the  ileani  cnEine.  whit ,_ 

mylhinE  writien  by  Huilcv  «'  MaihcU,  and  ws  i^an  award  it  no  Kigber  fiiXse."—Enfautr. 
"  Mr.  Goodcve't  tcu-book  is  a  work  of  which  overy  youn^  cogiaeci  ihould  poflaeBhL 

Qaa  Engines. 

ON  GAS   ENGINES.     With  Appectlix  describing  a  Recent  E 
with  Tube  Igniter.     By  T.  M.  GoooBVE,  M.A.     Crown  Svo,  21.  W.  doth. 


>\aiae."—Micl, 


Steam  Boilers. 
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ON 

STEAM    BOILERS:    Their  Strength,  Cw- 

Vorking.     IJyR.  VViLSON.CE.     Fifih  Edition.    IW* 


•1  TwJi  Cimlar. 
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^team  Engine  Design. 

A  HANDBOOK  ON  THE  STEAM  ENGINE,  with  especial  Refer- 
ence lo  S[na'Ia.nd  Meillunt-siieil  Engines.  For  the  Use  of  Engine  Makers,  Mechanical 
Diaughtsraeq,  Engineering  Siudenis,  and  Users  of  Steam  Power.  By  Herman 
Hbadkr,  C.E.  Tranalaled  rrnin  the  Germa.n  with  considerable  Additions  and 
Alteiarions,  by  H.  H.  P.  Powlbs.  A.M.LC.E.,  M.[.M.E.  Second  Edition, 
Revised.  With  nearly  1. 100  Illuslralions.  Crown  Svo,  gi.  cloth. 
"  A  PErlccl  eacyctoiizilii  ol  the  itean  engine  aod  iK  dcEaili,  and  ode  wbich  muu  uke  1  p«rnueni 

Jon  in  Eniliili  dnving- offices  mill  iror\aiiepi."—A  Farrmam  Pmll/rm-imaitr, 

"This  aaBenelleDl  book,  indihqulit  be  ia  the  handi af  all  wha ue inleretled  is ibi  coniUucliua 

ind^gaorm<dium-«i«lBaIiBB>ryeii(ina.    .    .    .    AcaceruUladr  ofiu  cailrntt  uidtheaminEc 

,  he  ipolume  ainu  It  ihowini  the  rnults  of  pncticjiJ  expcneDce,  uid  it  eeriAJfilr  tnny  cUum  ■  compleM 
ehieveneitt  of  rhis  idea." — /Vatii*v- 

"There  can  tw  no  <|ue<:iQii  us  to  iu  value.    We  coidiallv  commend  ii  ro  all  concerned  in  Ihp 
laigo  and  cousimclion  of  the  sluam  engine."— Ufcftniiicol  WorU. 

loi/er  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS;  Their  Draught-Pcwer 
and  Siabiliiy.  With  a.  Chapter  on  Lighlning  Conductan,  By  Robert  Wilson, 
A. I. C.E..  Author  of "  A  Treatise  on  Steam  Boilers."  fi:c    Crown  8vo.  31,  td.  cloth. 

Wtier  Making. 

BOILER-MAKER'S  READY  RECKONER  AND  ASSISTANT. 

With  Examples  of  Practical  Geometry  and  Templaling,  for  the   Use  of  Plalera, 
Smiths,  and  Riveters.     By  Jolen  COLiRTSEV,  Edited  by  D.  K,  Clabk,  M.l.CE. 
Third  Edition,  480  pp..  with  140  Illustrations.      Fcap,  Svo,  71.  half-baund, 
■■  No  workmin  or  .pprmticc  shall  Id  be  wilhounbis  book.-— /imi  TraJf  CirruUr. 

fefrigerating  (/lachinery, 

REFRIGERATING    AND    ICE-MAKINO    MACHINERY:     A 

Descriptive  Treatise  for  the  Use  of  Persons  Employing  Refrigerating  and  Ice-Making 
InstalUtions,  and  oiLers,  By  A.  J.  Wallis-Tayler,  C.E.,  Assoc.  Member  Inst. 
C.E.     With  lUustrations.     Crown  Svo.  71.  6d.  cloth.  [Just piMisked. 

■Praelical,  eiplicit  and  proiusely  iUuslraled.*'— C^aj.cw  H'rald. 

"  We  tecommend  tbe  book,  which  gives  Ibe  coal  ol  vaiiout  Byilem>  und  iliusdslJoDS  sbowlng 

'  tSa.j  be  teeommended  a"  n^uiaful  "e'^rn™""  of  the  machinery,  ihe  proceMe"knd  of  Ibe 
■bJBC?'— £«f '"■  "■  °    "     ^"^  °^' 

hydraulic  Maohinery. 

HYDRAULIC  MACHINERY  Employed  in  the  Coucentration  and 
Transmission  of  Power,  liy  G.  Croydon  Marks,  A.M.I.C.E.,  A.M.I.M.E. 
New  Edition,  Enlarged.     Crown  Svo.  \In  Iht  pras. 

.ocomotiue  Engine  Deoelopment. 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT.    A 

Popular  Trealise  on  tlie  Giadu.il  Improvements  made  in  liailway  Engines  between 
1803  and  :896.  By  Clement  E,  STkKiroN,  C.E.  Fifth  Edition,  Revised  and 
Enlarged.     With  lao  Hlustrations.    Crown  8vo,  jr.  6J,  cloth.  [Jtut  fiuilisitd. 

"Studenuot  railway  binory  and  all  who  an  ioureittd  is  the  eioiulion  cf  the  madeni  locamotiio 
liU  find  much  U  Ittnct  and  enlenain  in  lliil  valume."— TAc  TinlM. 

"Theaulhoc  ot  IhU  worK  is  well  known  to  Ibe  r^lway  world,  and  no  one.  probably,  has  a  beller 
jHWItiige  of  the  hlsiory  and  dcvelopmenl  of  the  tocomolivc.    The  volume  before  la  should  bo  of 

■atimating  for  Engineering  Worfi,   &c. 

ENGINEERING  ESTIMATES.  COSTS,  AND  ACCOUNTS:  A 

Guide  10  Commetcial  Erijji netting.  With  numerous  Ciamplcs  of  Estimates  and 
Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  Engines  and  Steam 
Boilers  :  and  a  Section  on  the  Preparation  of  Costs  Aecounis-  By  A  General 
Manacer.     Second  Edition.     Demy  8vo,  tu.  cloth.  xyutl putUthtd. 

■•  Tbi>  ii  ao  eieelleni  and  very  useful  boot,  coveting  aubiecl-malier  '- '-'■'—  ■- 

ivery  factory  and  wixlisbop The  book  U  inyalnafale,  no!  only  10 

"  We  accord  tbe  work  unqualiaed  praiie.    The  interniatlcin  Is  ^ven  in  a  plain,  uraighlforward 
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Boiler  Ufaking. 

PLATING  AND  BOILER  MAKING:  A  Practical  Handbook  for 

Wortshop  Operaiions.  By  JOSEPH  G.  HORNKB,  A.M.I.M.E.  ("Fotcmm 
Patlein  Maker  "  |,  Author  of  "  Pattern  Making,"  &c.  380  paeei,  witll  338  lUu)- 
tiations.     Crown  8vo,  71.  6,i.  ctolh.  {JuH fHilUid. 

icquaiatliice"  iL^'workibop  metbodi  Hhlcb  wiirreDdei  Ihe  book  eiucdinilT  acnpUble  »  Hx 
practical  b;ind.    Wc  bave  no  heiiutiDn  in  cammending  the  voik  as  ■  scrvlceablf  ud  pncnnl 

Engineering  Construction. 

PATTERN-MAKING:  A  Pracucal  Treatise,  embracing  the  JUin 
T]rp«s  lit  J^iigineering  Constiuclion  and  including  Gearing,  both  Handand  MmIiiik- 
made,  Eneine  Work,  Ijheavei  aod  Pulleys,  Pipes  and  Coluinas,  Screws,  UuliiM 
Farts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in  Loam  and  Gitensaod,  ftc< 
together  with  the  methods  of  Estimating  the  weight  of  Castings  ;  to  which  il  »Ai^ 
an  Appendix  of  Tables  for  Workshop  Reference.  By  JiiisBfH  G  Hot>Ei, 
A.M.LM.E.  ("Foreman  Pattern  Maker").  Second  Edition,  thoroughly ReiissJ 
and  much  Enlarged.     With  450  IlluilriLliona.     Crown  8vo.  71.  dd.  cloth. 

"  A  vcJL-wnllcD  lechnical  guide,  crident  y  vrilEcn  by  A  man  who  underltandl  and  lut  pl^cli>d 
what  hfl  hu  wrilien  at»ut.  ....  We  coniidlly  nrcooimend  it  to  engineDnnE  ftudieLk  J^H 
journevmcD.  and  oiheTi  d«irDu&  of  beiofE  iniii^neit  iiito  the  mi^ucriuorpAitcm-malUDg." — Binder 

Diationary  of  Mechanical  Engineering   Terms. 

MECHANICAL  ENGINEERING  TERMS  (Lockwood's  Dic- 
tionary of).  Embiacing  thosecurrenl  in  the  Drawing  Office,  Pattein  Shop,  FouBd7. 
Fitting,  Turning,  Smiths',  3Jid  Boiler  Shops,  &c.  &c.  Comprising  upwsnls  of  6,9» 
Deiioitiona.  Edited  by  Joseph  G.  Horner,  A.M.I.M.E.  ('■Foreman  tMoi 
Maker"),  Author  of  "Pattern  Mnking,"  Sc.  Second  Edition,  Renwl,  ■ii'i 
Additions.     Crown  Svo,  Ji.  6J.  doth. 

Engineer  add  mechamc  ahDuUt  haveacapy."— £Hi7(/r>f  AVwi, 

"  Not  miuely  I  dicljonsry,  but,  to  a  certain  eitem,  also  a  moil  iraluable  guide.  Ii  MtiliE9iUu> 
happj  idea  10  combine  »llh  a  deliniilon  ot  the  pUiMB  uieful  ipfoimaiioo  on  ibesubjeciof  ubiUii 

Mill  Gearing. 

TOOTHED  GEARING:  A  Practical  Handbook  for  Offices  and  Work- 
•hops.  By  Joseph  Horner,  A.M.LM.E.  (  "  Foreman  Pattem  Maker"),  Ami"" 
of  "Pattern  Making,"  &c.     With  184  lUualratioQS.     Crown  Svo,  6j.  doth. 

Fire  Engineering. 

FIRES.  FIRE-ENGINES,  AND  FIRE-BRIGADES.  With  » 
History  of  Fire-Engines,  their  Construction,  Use,  and  Management ;  RenrnVs  00 
Fire-Proof  BuilJines,  and  the  PrcKrvation  of  Life  from  Fire  ;  Statistics  ot  the  Fire 
Appliances  in  English  Towns;  Foreign  Fire  Systems;  Hints  on  Fire-UriEades, *=- 
&c.  By  Charles  F.  T.  VotiNO,  C,E.  With  lUusi rations,  544  pp.,  3emj8»o. 
£1  4/.  doth. 

K-artily  commEnd  this  bsoli.    li  II  really  the  only  Eogliih  wailt  we  now  faave  upon  ihc  fulijfM-"' 

Motor-Cars,  &e. 

MOTOR  CARS  OR  POWER  CARRIAGES  FOR  COMMON 
ROADS.  By  A.  J.  Wai.lis-Tayi.kr,  .-Vssoc.Memb.InM.C.E.,  Author  of  "Mi*!'™ 
Cycles,"  4c.  Including  Early  and  Recent  Examples  of  Steam  Boad  Catiiagc 
Internal  Combustion  or  Explosive  Engine  Carriages,  Electric  Motor  Cam>g«^ 
Miscellaneous  Motor  Cars,  Aulo-Car  Bill,  Rules  and  RcguJoliDns,  *c  W'''' 
s  Illustrations.     Crown  8vq,  \i.  bJ.  cloth.  [yuif  fubliM 


MECHANICAL  ENGINEERING,  6r»c. 


Stone-working  Machinery. 

STONE- WORKING  MACHINERY,  and  the  Rapid  andEconomical 

Conversion  of  Stone.     With  Hints  on  the  Arrangement  and  Management  of  Stone 
Works.     ByM.  Powis  Balk,  M.I.M.E.     With  Illustrations.     Crown  8vo,  91. 
"The  book  should  be  in  the  hands  of  every  nuson  or  student  of  stonework." — CoUUry  Guardinn. 
"  A  capital   handbook  for  all  who  manipulate  stone  for  building  or  ornamental  purposes."— 
tittddmery  Marktt, 

Pump  Construction  and  Management 

PUMPS  AND  PUMPING  :  A  Handbook  for  Pump  Users.  Being 
Notes  on  Selection,  Construction,  and  Management.  By  M.  Powis  Balk, 
M.I.M.E.     Third  Edition,  Revised.     Crown  8vo,  Zf.  6d,  cloth.      [Just  published, 

"The  matter  is  set  forth  as  concisely  as  possible.    In  fact,  condensation  rather  than  diffiisenats 

been  the  amhor's  aim  thronghout ;  yet  he  does  not  seem  to  have  omitted  anything  Ukely  to  be  oi 

''--^aunuU  0/  Gas  Lighting, 

**  Thoroughly  practical  and  simply  and  clearly  written."— <r/<u^o«  Herald. 

Milling  Machinery,  Ac. 

MILLING  MACHINES  AND  PROCESSES:  A  Practical  Treatise 

on  Shaping  Metals  by  Rotary  Cutters.     Including  Information  on  Makine  and 
Grinding  the  Cutters.     By  Paul  N.   Hasluck,  Author  of   "  Lathe- Work." 
With  upwards  of  300  Engravings.     Large  crown  8vo,  352  pages,  12s,  6d,  cloth. 
**  A  new  departure  in  engineering  literature.    .    .    .  ^  We  can  recommend  this  work  to  all  interested 


la  onUing  machmes ;  it  is  wluu  it  professes  to  be — a  practical  treatise." — Bngituer. 

"  A  capital  and  reliable  book  which  will  00  doubt  be  of  considerable  service  both  to  those  who  are 
already  arqnainted  with  the  process  as  well  as  to  those  who  contemplate  its  zdopdoa.** —Imlmsirta. 

Turning. 

LATHE  -WORK :  A  Practical  Treatise  on  the  Tools,  Appliances,  and 

Processes  employed  in  the  Art  of  Turning.      By  Paul  N.  Hasluck.     Fifth 

Edition.     Crown  8vo,  $s.  doth. 

"  Written  by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how  to  do 

il;  and  how  to  oonTey  his  knowledge  to  others.  To  all  turners  this  book  would  be  valuable." — Engjiuerimi, 

*'  We  can  safely  recommend  the  work  to  young  engineers.    To  the  amateur  it  will  simply  be  invalo- 

aUe.    To  the  student  it  will  convey  a  great  deal  of  useful  information." — Engineer, 

Screw-Cutting. 

SCREW  THREADS:    And  Methods  of  Producing  Them.     With 

Bomeroos  Tables  and  complete  Directions  for  using  Screw-Cutting  Lathes.     By 
Paul  N.  Hasluck,  Author  of  "Lathe- Work,"  &c.      With  Seventy-four  Illustra- 
tl<ms.    Fourth  Edition,  Re-written  and  Enlarged.     Waistcoat-pocket  size,  is,  6(/. 
"  Fan  of  usefol  inibrmatioa.  hints  and  practical  cntidsni.    Taps,  dies,  and  screwing  tools  generally 
are  iUaatiated  and  their  action  described." — Meckanual  World. 

**  It  is  a  complete  compeodhun  of  all  the  details  of  the  screw'cutting  lathe  :  in  fisct  a  multum'im^ 
'  Ott  ail  the  sabiects  it  treats  uvoa.**—Car/enUr  and  Builder. 


Smith's  Tables  for  Mechanics,  Ac. 

TABLES  &  MEMORANDA  FOR  MECHANICS.  ENGINEERS, 

Aichitects,  Builders,  &c.  Selected  and  Arranged  by  Francis  Smith.  Sixth 
Editioii,  Revised,  including  Electrical  Tables,  Formula,  and  Memoranda. 
Waistcoat-pocket  size,  I/.  6k/.  limp  leather.  \Just  published, 

"  It  w«ald«  |iT-»»«p*,  be  as  difl&cult  to  make  a  small  pocket-book  sdectioo  of  notes  and  Ibraubs  to 
nk  **»  ^■.^.•■.^^■■a  as  tt  would  be  to  make  a  universal  medicioe ;  but  Mr.  Smith's  watstowt^pocfcet  ool- 
■  Bay  be  hxtked  upon  as  a  successful  attempt.*' — Engineer. 

The  beat  r"^""^  we  have  ever  seen  of  tjo  pages  of  useful  matter  packed  iate  the  dimrnsioas  kA  a 
aoe.** — BmUdifie  Sewt.  "  A  rcritabk  pocket  treasury  of  kaowUd<e.''-'/rMi. 


pocket  treasury 

Frmoh-Engiish  Oiossary  for  Engineers,  Ac. 

POCKET    GLOSSARY   OF    TECHNICAL    TERMS:    English- 

Frendiy  French- Engl iUi ;  with  Tables  buiuble  for  the  Architect uraJ,  Kagtaecnaf, 

ICaBo^ctiirii^,  and  Nautical  ProCessions.     By  John  IhUtM  Fletcher,  Engineer 

«ad  Sorteyor.     Second  Edition,  Keviied  and  Enlarged,  200  pp.     Waistooat-pockct 

Mue,  U.  ^'  limp  leather. 
«  l£ig  A  vcrvBcat  advantage  for  readers  and  correspoadcnu  is  fraece  aad  tmf^faA  Co  have  •« 
.0f  the  words  reUxiog  to  esgloeenng  and  manufacturers  collected  in  a  uh^mt%m  voUac. 
I  be  nseCol  both  to  atocleuU  aixi  tx^'9tXkt%."—Atckite(t. 

of  terms  as  very  c<./mpilete.  and  manx  ^  c***  TaUes  t^  aew  aad  vdB  mwtmgpA. 
the  y^ookJ'-Meikmrical  iVerU. 


CROSBY  LOCK  WOOD  &■  SON'S  CATALOGUE. 

Year-Book  of  Engineering  Formulce,  &c. 

THE  ENGINEER'S  YEAR-BOOK  FOR  1897.  Comprising 
Formulif,  Kules,  Tables,  Dets  and  Memoianda  in  Civil.  Mechanical,  Eleclrinl. 
Marineand  Mine  Enpneering.  By  H.  R.  Kemff..  A.M.lnsl  C,E.,  M.I.E.E., 
Technical  Officer  of  the  Engineer-in- Chiefs  Office,  General  Poll  Office,  London, 
Author  of  "A  Handbook  of  Electrical  Testing,"  "The  Eleclricnl  EDgintei'i 
Pocket- Book, "  &c  Withabont  850  Illustration!,  specially  Engiaved  for  the  wotl. 
Crown  Svo,  670  pages,  81.  leather.  [Jiiil fuUiiM. 

'^R^eaenit  an  EDottDOui  quaniiiT  of  nork,  and  forms  a  desirable  boak  □[  relsRiKc,"   "' 
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Portable  Engines. 

THE  PORTABLE  ENGINE:  Its  Constniction  and  Manageraenr 
"       "    '   "         ■    ■       "  -    ■-  -   -■  ^     .         generally.    By 


A    Prac 
WlLLlA 

ical    Manual    for    Owners 
\1    DYS0.\    WAt(5KROUCH 

and    Users  of 
Ciown  Svo,  V 

team  Engin 
td.  cloth. 

ThUisa 

ItithnrD 
S„h., 

vsrk  of  vilue  lo  [hox:  who  \ae  tteam  machiDery,    .    .    , 

lalty  coniBciid  Ihii  work  lo  bann  w>d  owneri  of  luan  «>■ 
ntlruciiod  or  au."~Timtrr  Tradti  Javmal. 

Should 
■u.H,,mi 

■(■book  ol  thii  uHfiil  fore 


inEiDB.    The  'HiDtt  to 


Iron  and  Steel. 

"IRON  AND  STEEL":  A  Work  for  the  Forge,  Foundry,  FacloiT, 

and  OfGce.  Containing  ready,  useful,  and  trustworthy  Information  for  IroamSa* 
and  their  Stock-takers  ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling  Mils; 
Iron  and  Metal  Founders  ;  Iron  Ship  and  Bridge  Builders)  Mechanical,  Mioiiti 
and  Consulting  Engineers ;  Archilecli,  Contractor*,  Builders,  &c.  By  Ciuuu 
KoAKE,  Author  of  "  The  Slide  Rule,"  &c.     Ninth  Edition.     33mo,  61.  lealba. 

"  Oneof  ihe  belt  of'ih=  pocktl  boolii."— i»(/?iA  Mrthaaic. 

Elementary  Meohanioa. 

CONDENSED   MECHANICS.     A  Selection  of  FormulK,  Rule, 
Tables,  and  Data  for  the  Use  of  Engineering  Students.  Science  Classes,  Sx.   I' 
accordance  with  the  Requirements   of    the   Science   and  Art  DeparttnoiL    1^ 
W.  G.  Crawford  Hughes,  A.M.l.C.E.     Crown  Syo,  2/.  61/.  cloth. 
•'  The  book  In  well  fitlB)  Tor  iboie  wbo  are  (ithtr  conrronled  wiih  pnciica!  jrableriH  in  Ihtiri**; 

''  II  i>  well  arraand,  apd  mccU  the  vaDls  of  IhoK  for  whom  il  it  intended."— ^oiVtust  AVh 

Steam. 

THE  SAFE  USE  OF  STEAM.     Containing  Rules  for  Unprofcf 

sionial  Steam-users.     By  an  Engineer.     Seventh  Edition.     Sewed,  &/. 

hr  Iheir  nuity."- SntiiiA  Mrciamc. 

Warming. 

HEATING   BV  HOT  WATER;  with  Information  and  Suggestioa 

on  the  best  Methods  of  Heating  Public.  Private  and  Horticultural  Buildine>.  M 
Walter  Jones,     Second  Edition.     With  96  Illustrations,  crown  Svo.  is.  &/  — 
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The  Water'Supply  of  Cities  an  i  Towns. 

THE   WATER  SUPPLY  OF  CITIES  AND   TOWNS  (A  Com- 
ptehejibive  Treatii 


VI.  Ob 

SUPl-LV.- 

IX.  Tmk  P 


Ths  Law  ^¥B  EcoHouir  op  Watsi  Woid.- 

XVE.  COKSTANT  AKD   iNTBUHTml  SVPK.1.- 

XVII.  DltculPTION  OF  Platib.— AFruDicn. 
cures,   4c.  &c..  togethu  with   Srietnu- 


Watm  to  Ciiibb*kbTowi<».-1I.  1 

TBI  FOUBICN  MATTEK  tBCALLV  I 
WITH  II.-11I.  RaIBMLL  *m.  EVAP 
IV.   SpMNOS  and    TH>  WAT».niAII1 

AMD    El 

— VI I ."wM^ti"  y j  1 L 

— Xf  PuhfinoMachihi 

"The  moit  lyilemiliE and nluablc  work  upan  water  lUpplf  hiiherto  praduced  in  Engliih. « in ur 
much  ingn^il'inctin  of  FieachuidGEniun  thaji  of  EaglUhleduiical  utaSsa."~S<ieiimr. 

Water  Supply. 

RURAL    WATER    SUPPLY:    A   Practical   Handbook  on  the 

Supply  of  Water  and  ConstlMction  o(  Waterworks  for  small  Country  Districti.  Bjf 
Allan-  Grbenwbll,  A.M.I.C.E..  and  W.  T.  CtJRRv,  A.M.I.C.E.,  F.G.S.  Win 
IllusltatioiK.     Crown  8vo,  ;r.  cEolh.  [yUit pdiliikii. 

|0(  imsri  dlsuicls,  giiiDg  a  urex  deal  ol  praclical  inlaiDialJan  ia  a  iraall  mmpiiar—Bmlilr^- 
II  li  lull  of  dctalh  on  palnis  vhlih  ate  caaliaually  befara  nalecwoika  cogiagen."— ;Vafi>n. 

Hydrautia  Tables. 

HYDRAULIC  TABLES.  CO- EFFICIENTS.  AND  FORMULA 

for  i  indiiig  Ihe  UiiclinigL'  of  Watei  from  Orifice?.  Notches,  Weirs,  Tipo.  ™i 
Rivers.  With  New  Formul.1,  Tables,  and  General  Informalion  on  Rain-fiil,  Cilch- 
men !■  Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill  Power.  Bf 
John  Neville,  Civil  Engineer,  M.R.I.A.  Tliird  Edition,  cuefully  rerittd,  «» 
considerable  Additions.  Numerous  Illustrations.  Crown  8vo,  [41.  cloth. 
"  It  u,  of  alt  English  boDkt  on  Ihe  lubjcct,  the  one  nureit  tecompleieneB    ....    Fitwit' 

good  urangemeni  o(   ihe  niaiter,  the  clear  eiplanaiioDS  and  abundance  ot  rormuta,  Ihe  canliil; 

calciilalcd  lablci.,  and,  abaveall.  the  Ihorough  acquainUnce  with  buih  Ihenry  aiicl  coBsirueluB,  aM  • 

Hydrauiics. 

HYDRAULIC  MANUAL.     Consisting  of  Working  Tables  and  E»- 

pknalory  Text.     Inlended  as  a  Uuide  in  Hydraulic  Calculations  and  FieW  Open- 
tions.     By  LOWIS  D'A.  jACKSON,  Author  of  "Aid  lo  Survey  Practice,"  "Modem 
Metrology,"  &c.     Foorth  Edition,  Enlarged.     I>ai%e  crown  Svo,  i&i.  cloth. 
"The  author  b»  had  awidcBxpcriencein  hydraulic  eniineeting  and  has  been  a  careful  obHm' ^ 
coumicted  a  maaual  which  may  be  accepted  as  a  trustvgnhj-  guide  to  Ihij.  branch  ol  the  eniioecf'i  V^ 

"The  mcniuHful  feature  of  thiiwork  ii  iu  [reedom  from  whil  is  luperanouaied.  and  lu  ■harMr' 
adoptton  bI  reoeni  eipeiimenU  ;  the  leal  ii  in  fact  in  Kreat  pan  a  ihort  accouni  af  the  great  buiIr> 

Water  Storage,  Conveyance,  and  Utilisation. 

WATER  ENGINEERING:    A  Practical  Treatise  on  the  Meaiuic 

menl,    Slorage,   Conveysiiec.  and   Utilisation  of  Water  for  ihe   Supply  of  Towns, 
for  Mill  Power,  and  for  other  Purposes.      By  Ckakles  Slagg.  A.-M,Init.CE. 
Second  Edition.     Crown  Svo,  71.  6d.  cloth. 
"  As  a  small  practical  irsaliK  on  the  water  aapply  □(  lonns,  and  on  same  appliulianl  si  '•<''' 
power,  ihe  work  it  in  manv  f eipecta  eacellonl."— Enirinfmiis. 

"The  author  bas  collated  ihe  reiulti  deduCEd  fram  the  etperimeDtt  of  Ibe  lont  etsiDt"! 
aaihoriiiea.  and  has  pre«;nied  ihem  in  a  compact  and  piaciicai  lorm.  accompanied  by  raff  c^ 
and  detailed  eiplanalions.  .  .     TbeappUcaiian  □(  water  asa  motive  power  la  lraaledvBt]>mtlaliI 
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Construction  of  Masonry  Dams. 

MASONRY  DAMS   FROM   INCEPTION   TO  COMPLETION. 

Including  numerous  Formula,  Forms  of  Specification  and  Tender,  Pocket  Dia- 
gram of  Forces,  &c.  For  the  use  of  Civil  and  Mining  Engineers.  By  C.  F. 
Courtney,  M.Inst.C.E.    8vo,  gs,  cloth.  {Just  published. 

fiuer  Engineering. 

RIVER  BARS :  The  Causes  of  their  Formation,  and  their  Treatment 

by  "  Induced  Tidal  Scour ; "  with  a  Description  of  the  Successful  Reduction  by 

this  Method  of  the  Bar  at  Dublin.     By  I.  J.  Mann,  Assist.  Eng.  to  the  Dublin 

Port  and  Docks  Board.     Royal  8vo,  7s,  6d.  cloth. 

**  We  recommend  all  interested  in  harbour  works — and,  indeed,  those  concerned  in  the  improvements 
r  rtTers  generally — to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  river  bars." — Enfrinetr, 

drainage. 

DRAINAGE    OF    LANDS,  TOWNS,  AND   BUILDINGS.     By 

G.  D.  Dempsey,  C.E.     Revised,  with  large  Additions  on  Recent  Practice  in 

Drainage  Engineering,  by  D.  Kinnbar   Clark,   M.Inst.  C.E.,  Author  of 

**  Tramways  :  their  Construction  and  Working."     Fcap.  8vo,  4s.  6d.  cloth. 

**The  new  matter  added^  to  Mr.  Dempsey's  excellent  work  is  characterised  by  the  comprehensive 
rasp  and  accuracy  of  detail  for  which  the  name  of  Mr.  D.  K.  Clark  is  a  sufficient  voucher."— 

'ramways  and  tfietr  Worliing. 

TRAMWAYS:     THEIR  CONSTRUCTION    AND   WORKING. 

Embracing  a  Comprehensive  History  of  the  System  ;  with  an  exhaustive  Analysis  of 

the  Various  Modes  of  Traction,  including  Horse  Power,  Steam,  Cable  Traction, 

Electric  Traction,  &c  ;  a  Description  of  the  Varieties  of  Rolling  Stock  ;  and  ample 

Details  of  Cost  and  Working   Expenses.      New   Edition,   Thoroughly  Revised, 

and  Including  the  Progress  recently  made  in  Tramway  Construction,  &c.  &c.     By 

D.  KiNNEAR  Clark,  M.Inst.  C.E.      With  400  Illustrations.    8vo,  780  pages. 

Price  2&r.,  buckram.  [Just published, 

"Although  described  as  a  new  edition,  this  book  is  really  a  new  one,  a  large  part  of  it,  which  covers 
atorical  ground,  having  been  re-written  and  amplified :  while  the  parts  which  relate  to  all  that  has 
een  done  since  i88a  appear  in  this  edition  only.  It  is  sixteen  years  since  the  first  edition  appeared, 
id  twelve  years  since  the  supplementanr  volume  to  the  first  book  was  published.  After  a  lapse,  then, 
r  twelve  years,  it  is  obvious  that  the  author  has  at  his  disposal  a  viist  quantity  of  descriptive  and  statis- 
»1  information,  with  which  he  may,  and  has,  produced  a  volume  of  great  value  to  all  interested  in 
amway  construction  and  working.  The  new  volume  is  one  which  will  rank,  among  tramway  engineers 
id  those  interested  in  tramway  worldng,  with  his  world-lamed  book  on  railway  machinery." — The 
m£ine*r,  March  8,  1895. 

tudenVs  Text-Book  on  Surveying. 

PRACTICAL  SURVEYING :  A  Text-Book  for  Students  preparing 

for  Examinations  or  for  Survey-work  in  the  Colonies.     By  George  W.  Usill, 

A. M.I. C.E.    With  4  Plates  and  upwards  of  330  Illustrations.     Fourth  Edition, 

Revised  and  Enlarged.     Including  Tables  of  Natural  Sines,  Tangents,  Secants, 

&c.    Crown  8vo,  js,  6d.  cloth  ;  or,  on  Thin  Paper,  bound  in  limp  leather,  gilt 

edges,  rounded  comers,  for  pocket  use,  price  1 2s.  6d. 

**The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes  of 

nployment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  in  his 

:perience  as  surveyor,  draughtsman  and  teacher,  has  found  necessary,  and  which  the  student  in 

s  inexperience  will  find  most  serviceable." — Engineer. 

«*The  latest  treatise  in  the  English  language  on  surveying,  and  we  have  no  hesitation  in  sayinc 
lat  the  student  will  find  it  a  better  guide  than  any  of  its  predecessors.    Deserves  to  be  recognised 
tbe  first  book  which  should  be  put  in  the  hands  of  a  pupil  of  Civil  Engineering."— ^4  rcAt/rc^ 

jrveg  Practice. 

AID    TO    SURVEY    PRACTICE :     for  Reference   in   Surveying, 

Levelling,  and  Setting-out ;  and  in  Route  Surveys  of  Travellers  by  Land  and  S^mu 
With  Tables,  Illustrations,  and  Records.       By  Lowis  D'A.  Jackson,  A.M.I.CL. 
Second  Edition,  Enlarged.    Large  crown  8vo,  12s.  6d.  cloth. 
"Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  surveyor.    We  can  recommend  this  {tQHk 
contaixung  an  admirable  supplement  to  the  teaching  of  the  accomplished  surveyor." — AtheMmmm. 

'*As  a  text-book  we  should  advise  all  surveyors  to  place  it  in  their  Ubraries,  and  study  well  <Lr 
tured  instructions  afforded  in  its  pages.'* — Colliery  Guardian. 

*'  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience  wbicfc^  Aitf^ll  l^ 
IcJUr  and  locad  style  of  writing,  renders  the  book  a  very  useful  one." — Builder. 


Engineers'  Field-Booh. 

FIELD-BOOK  FOR  ENGINEERS,  AllNINQ  SURVEYORS.  &c 

ConsisUng  of  a  Series  ot  Tables,  with  Kules,  Explanalions  of  Systems,  andiutol 
Theodolite  for  Traverse  Surveying  and  Plotling  the  Work  with  minute  tixaacf  bj 
means  of  Straight  Edge  and  Sel  Square  only  ;  Levelling  with  the  Theodolitt. 
CastLDg-out  and  Redacing  Levels  to  Ilatum,  and  Plotting  Sections  in  the  ordiurj 
manner  ;  Selliog-out  Curves  with  theTheodolile  by  Tangential  Anglts  and  Mullipla 
with  Right  and  Left-hand  Reading>  of  the  Instrument ;  Setting-out  Curves  williool 
Theodofite  on  the  System  of  Tangential  Angles  by  Sets  of  Tangents  and  Off«ti; 
and  Earthwork  Tables  to  80  feet  deep,  calculated  for  every  6  inchei  in  depth.  Bf 
W.  Davis  Haskoll.  C.E.  Whh numerous  Woodcuts.  Fourth  Ediiirai,  EnlargoL 
Crown  8vo,  Izi.  cloth. 
"The  bookis  very  handy:  He  lepuale  lablet  sf  unci  ud  unecDU  la  every  minule  olU  DiklU 
ufeAil  for  maay  olher  pucpcen.  the  gepuine  UBvenc  ublei  eiiitinE  alXiheuinE."— WrlowiiK. 

wilh  Ihe  iccuncy  and  fulneu  of  ihoie  liven  ui  Ihii  ioWat."—Kiulaar  Xtwi. 

Surveying,  Land  and  Marine. 

LAND  AND  MARINE    SURVEYING,  in   Reference  10  the  P«- 

paralion  of  Plans  for  Roads  and  Railways  ;  Canals,  Rivets,  Towns*  Water  Snppte  1 
Docks  and  Harbours.  With  Description  and  Use  of  Surveying  InstiumentS-  B; 
W.  Davis  Haskoll,  C.E.,  Author  of  "Bridge  and  Viaduct  ConsiiQction," It- 
Second  Edition,  Revised,  with  Additions,  l.aree  crown  fivo,  gi.  cloth. 
"  lliii  boak  mun  prove  of  great  nlue  10  lbs  nudent.  We  have  no  beiitalioa  la  rKODUHmlg 
feellhE  aisuied  ihu  it  will  more  ihan  lepay  a  careful  uudv."— J/«4aJ>lc*/  UW/d, 

"  A  raoit  uuful  aod  well  urasged  000k  for  Ibe  aid  of  a  ftudml,    We  au  anagly  lecamMi 
a  lanfkilly-writtea  ind  valuablt  leal-book.   Il  tiyoyi  a  wtll-dewrred  repuie  iduidk  lurveTon."— A 
"Tbis  volume  .an  not  faiJ  TO  piave  ot  Ibeuimoii  piaeiical  uiilily,    li  maybe  ulely  rscnmMn 
all  iiudeou  i>hi>  iipirf  10  become  clean  and  cipen  >uiveyon."-,^~i>v  7niuJ^ 

Levelling. 

PRINCIPLES  AND  PRACTICE  OF  LEVELLING.  Shomi* 
its  Application  10  purposes  of  Railway  and  Civtl  Engineering  in  the  ConilruclioD  of 
Roads ;  with  Mr.  Telford's  kules  for  the  same.  By  i  reobbick  W.  Stwft 
F.G.3.,  M.  Inst.  C.E,  .Seventh  Edition,  with  the  addition  of  Law's  Practiol 
Examples  for  Setting-oul  Railway  Curves  and  Tsaiitwinb's  Field  Pr»c(icc  <* 
Laying-out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts,  Sro,  %i.  «> 
cloth.  *,*  Trautwi.ne  or.  Curves  may  be  had  separaie,  51. 

"  The  te»-book  on  levclIiiiE  in  notl  of  our  cngingeriBg  k.-hooli  and  calleges."— Jf-vrow 
"  The  pubhihen  have  rendered  t  lubiUnnal  irrvin  to  the  proleHioD,  etpecially  lo  Iht  T< 

■Denbeii,  b)>  bringing  out  Ihe  preKBl  edilioB  of  Mr.  RimBU't  useful  work.  "^frtflMHri'iIf. 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geogtanhical  vA 
Topographical  Maps  and  Plans,  Military  Reconnaissance,  LEVELLING.  Ic-. 
with  Useful  Problems,  Formula;,  and  Tables.  By  Lieut, -Gene raL  FttoME,  R-^ 
Fourth  Edition,  Revised  and  partly  Re-wrillen  by  Major-General  Sir  ChaiiB 
Wakren,  G.CM.G,,  R.E.  With  ig  Plates  and  115  Woodcuts,  royal  Bro.  ifa.do*- 
■'  No  words  of  piaiie  from  ut  GUI  itrenglhen  the  poiition  io  well  and  an  ileadily  maim™-' 

b™^eU;^  po'.io  "o"hc  ™et."^™  he  p""em  d™."-^™^  ^™'      '"""'  "  "" 

Ouroes,  Tables  for  Setting-out. 

TABLES   OF   TANGENTIAL    ANGLES    AND    MULTIPLES 

FOR  SETTINQ-OUT  CURVE5  from  $  to  aoo  Radius.      By  A.  B&utt*>. 

M.  Inst.C.E.      4tli  Edition.      Printed  on  4S  Cards,  and  sold  in  a  cloth  box,  wr'^- 

coat-pocket  siie,  31.  6*/. 
'-EachlableiipiinledonaiiiiallcBtd,  which,  being  placed  on  the  lb eodolile.  leaves  ihthu^k* 
10  ollDjpu^  ^^e  inilranenl^  M  ™  ^^^  al^hj^L"  riSTJ^t  rau«  (^on  fwo  whhew  eu^tu^  fce  r*     1 
inlo  hb  own  card-caae.  and  leavei  ihe  re«  behind  "—AtArn.n.m.  I 

Earthwork. 

MANDV    GENERAL    EARTHWORK    TABLES.      Giving  tbe 

Contents  in  Cubic  \'ards  of  Centre  and  Slopes  of  Cuttings  and  Embankments  hoo 
3  mches  to  80  feet  in  Depth  or  Height,  for  use  with  eithei  66  feet  Chain  or  tooftel 
Ch^n.  By  J.  H,  Watson  Buck,  M, lust. C.E.  On  a  Sheet  mounted  in  doili 
case,  31.  6rf.  [yasl  fubliiiii- 
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Earthwork. 

EARTHWORK  TABLES.     Showing  the  Contents  in  Cubic  Yards 

of  Embankmenn,  Cuttings,  &c,.  of  Heights  or  Depths  up  to  on  average  of  80  feet. 
By  Joseph  Uroadbent,  C.E.,  and  Francis  Canfin.  C.E.    Ctown  sVo,  y.  cloth. 

P^D,  twv  ID  whit  I.  lit  cOB.Uiii  \ui  tmt,  viiil>le.  i»  mtcaiaai."—AI/maKm. 
thworh.  Measurement  of. 
A  MANUAL  ON   EARTHWORK. 
With  niii.«.uu>  DinsTums.     hecund  Edition. 

Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS:     A 

Practical  and  Theoieiical  Essay.  By  j.  H.  Watson  Buck.  M.lnsi.C.E,, 
Resident  EDgineer,  L.  and  K.  W.  R.     With  Folding  PUtes,  8vo,  12/.  cloth. 

and  Wrought  Iron  Bridge  Construction. 
CAST  AND   WROUGHT    IRON    BRIDGE   CONSTRUCTION 

(A  Complete  »nd  Practical  Tteiti=e  on),  including  Iron  Foundations.  In  Three  Pans 
— Theoretical,  Practi':al,  and  Descriptive.  By  William  Humber,  A.-M.Inst.C.E., 
and  M.IhslM.E.  Thitd  Edition,  revised  and  much  improved,  with  ii;  Double 
Plates  {10  at  which  now  first  appear  in  this  edition),  and  numerous  -Additions  to 
Ihe  Text.  In  1  vols.,  imp.  410,  £6  t6s.  6J.  half-bound  in  morocco. 
'^*cnrvahub1eGaniribulitm  10  lu  standard  literature  o£  civil  4Dam«TiDC-    I n aitdiTiAn  (o  elevation », 

ftg4Maaciiou.  larae  icatc  d«uilH  are  Eiven,  which  veiy  mucti  cahaiic«  LheiDUniciive  worth  at  itaiHe 

=^--     -■    -ml  AriMrrraM^ AwMlfc/;  7'^"<'''. 

n nan, ufuUc the  dire^on elths  laic  Mr.  bniii<l,  Sit  W.  cXii,  Mr.  Uawluhaw, Mr.  plgc, 

_^ D.  Hi.  HeDuw,  and  sthtn  among  our  mott  amiutat  CDginccn,  are  diawa  and  ipccibcd  in 

(Rat  imi^V—Exfiiurr. 

Oblique  Bridges, 

ESSAY   ON    OBLIQUE   BRIDGES  (Practical  and  Theoretical). 

With  13  laige  Plates.  By  the  late  George  Watson  Buck,  M.l.C.E,  Fourth 
Edition,  revised  byhis  Son,  J.  H.  Watson  Buck,  M.l.C.E. ;  and  with  the  addition 
of  Description  to  Diagrams  for  Facilitating  the  Construction  of  Oblique  Bridges, 
by  W.  H,  Barlow,  M.I.C.E.     "--"'-    ---   -•-•^ 

w  tlanda-'  — -  >— '■  '"    " '- 

'l.'ftft.  Buck-t  work  u  wita'rpii^d."'-Siaiai«t  fftwi. 

t^l/e  Arches. 
"THE  CONSTRUCTION  OF  OBLIQUE   ARCHES  (A  Practical 

TrtiiL^eon).    Hy  John  IUrI.   Third  Edition,  with  Plates.   Imperial  8»o,  8j.  doth. 

Statics,  Graphic  and  Analytic. 

GRAPHIC  AND  ANALYTIC  STATICS,  in  their  Practical  Appli- 

o  the  Treatment  of  Stresses  in  Roofs,  Solid  Girders,  Lattice,  Bowstring,  and 

'Guipen^on  Bridges,  Braced  Iron  Arches  and  Piers,  and  other  Frameworks.     By 

[R.  Hudson  Ckaham,  C.E.     Containing  Diagrams  and  Plates  to  Rcal&     Wiih 

..lerous  Eiamples,  many  taken  from  enisting  Slructuies.      Specially  arranged 

r  Clan-work  in  Colleges  and   Universities.     Second  Editioti,  Revised  and  En- 

8vo,  l6r.  cloth. 

'      ■  .     ■      -|j  £^  ^  place  whertvar  graphic  aod  analytic  ttacici  arc  uKd  or  iimlicl,''-.- 

from  a  pnencal  point  ofview.and  has  cviJenity  been  prcparrd  w»h  cniich 
orkinff  are  ample,  and  are  liLuairateJ  bv  an  abuodancr  d(  well^belc^led 
„_^ ..„ luctookfur  lhtpticliealJiainth.sinaa/--v«^«-~<. 

Girders,  Strength  of. 

GRAPHIC  TABLE  for  Facilitating  the  Computation  of  the  Weights 

(  Wrought  lion   and  Steel  Girders,  dc,  for  Parliamentary  and  other  Estimates. 


I 
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Strains,  Calculation  of. 

A  HANDY  BOOK    FOR  THE  CALCULATION   OF  STRAINS 

in  Girders  and  Similar  Structures  and  (heir  Slriingth.  Consisling  of  ForaulKud 
Corresponding  Diagrams,  with  nUTneTOus  (leta.i1s  foi  Praclica!  Amiticntion.  Sc  Sf 
William  Humber.  A..M.lnst.C.E,,&c.  Fifth  Edition.  Crown  gvo,  wilhiwrif 
too  Woodcuts  and  3  Plates,  ^s.  6d.  doth. 

>iiinie]id  lhi>  tully  <taiu>  book  10  flur  cufincei  and  archincl  readen.'*— £iv£>> 


Jruaaes. 

TRUSSES    OF   WOOD    AND    IRON. 

ermimng  ll. 


Practical  Applicadons  of 
Breaking  Weights,  Safe  Loads,  Scanlliipi 
,nd  Details  of  Construction.  With  Complete  Working  Drawings.  By  WlLUMl 
Gkiffiths,  Surveyor,  Assistant  Master,  Tranmere  School  a(  Science  and  An. 
Oblong  Svo,  41.  6'/.  cloth. 
"  Tfaii  hand  r  litltE  book  cnten  to  tninuuly  inID  Enty  detail  connected  with  the  conilTBCItu  ef  n"  ■ 
iniuei  Ihii  ho  iIudeDt  need  be  ignmul  dI  thete  tai1len."—Praclkal  En^inier, 

Strains  in  Ironwork. 


Barlow's  Strength  of  Materials,  Enlarged  by  Humber. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS;  with 
Rules  fut  applicalion  in  Archileclure,  tbe  Construction  of  Suspension  flni^tt 
Railways,  &c.  By  Feteb  Babl.ow,  F.R.S.  A  New  Edition,  revised  by  his  Sow. 
P.  W.  Barlow,  F.R.S..  and  W.  H.  Baelow,  F.R.S.;  to  which  are  iJM 
Experimenis  by  Houukinson',  Fairhairn,  aod  Kirkaldy  ;  and  Fotmik  br 
Calculating  Girders,  &c.  Arranged  and  Edited  by  Wm.  Humber,  A  -M.Init.Ct 
Demy  Svo,  400  pp.,  with  19  large  Plates  and  numerous  Woodcuts,  iSj.  cloth. 


citlI  enifincor  and  pivcucvl  mechaoic-"— fiv^"^  Mtfkiunc- 

Cast  Iron  and  otfier  Metals,  Strength  of. 

STRENGTH  OF  CAST   IRON   AND  OTHER  METALS.    By 

Thomas  Thedgolij,  C.E.  Fifth  Edition,  including  Hodgkinson's  E»peninoil»l 
Researches.     Svo,  i2s.  cloth. 

Railway  Working. 

SAFE  RAILWAY  WORKING:    A  Treatise  on  Railway  Accidents. 

Iheit  Cause  and  Prevention  ;  with  a.  Description  of  Modern  Appliances  »^ 
Systems.  By  Clement  E.  Strktton,  C.E.,  Vice-President  and  Coosollia 
Engineer,  Amalgamated  Society  of  Railway  Servants.  With  IliuslraliDnt  U" 
Coloured  PUtes.     Third  Edition,  Enlarged.    Crown  Svo,  31.  61/.  doth. 

—  '"-rking." "— ffa(Vi«r  Snilni 


*'  A  bodk  Tor  the  encineer,  the  dircclorH,  the  nuu 
on  niilwav  nuttfln  will  fiod  a  perfect  eDCyclopiirdui  ij 


^kfelUiln 


)n  the  I 


''    c^l^"l 
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Heat.  Expansion  by. 

EXPANSION  OF  STRUCTURES  BY  HEAT.     By  John  KEitv, 

C.E.,  late  d(  the  Indian  Public  Works    D«partmenu      Crown  Svo,  Jr.  6d.  ciMb. 
fi^'bll™U!'"eri»brcMdcoidp«he'n.iV'd"a^nbool^.''— S^^^  '  '  "•V'^'"  or 

Field  Fortification. 

A  TREATISE  ON  FIELD  FORTIFICATION,  The  Attack  ol 
Fortresses,  Military  Mining,  and  Reconnoitring.  By  Professor  Colonel  L  S. 
MacaI;lav.     Sixth  Edition,  crown  Svo,  with  separate  Atlas  of  11  Plates,  121.  cl«(^ 


CROSBY  LOCKWOOD  C-  SOJvS  CATALOGUE. 

THE  POPULAR   WORKS  OF  MICHAEL  REYNOLDS 

("The  Engine  Ukivek's  Fuesd"). 

Locomotive-Engine  Driving. 

LOCOMOTIVE  ENGINE  DRIVING:  A  Practical  Mamial  for 
Enginetrs  in  Chnrce  of  Locomoiive  Engines.  By  Michael  Reynolds,  Mnnlw 
Qf  the  Society  of  Engineers,  formerly  Locomolive  Inspector,  L.  B.  and  S.  C.  R. 
Ninih  Edilion.  Including  a  Key  to  the  Locomotive  Enoime.  With  lUustn- 
tion»  and  Portrait  of  Author.  Crown  8vo,  4j,  (kI,  cloth. 
"  Mr.  KeynoMi  h»  iiippKcd  a  oidI,  and  h»  uipplicd  ii  urill.    Wc  cix  caofrdeDtlr  teconnusd  lb 

"  Mi,  Reynolds  hu  opened  i  ni*  chipter  in  the  liunun  sr  the  dav.    This  ■dminblt  nriial 
m«llK.  oCihe  pnctiGol  udliijt  of  which  wc  haveIo>pe>ki>iitTiniurwarincommtndiiuon."~.«(J<uH. 

Stationary  Engine  Driving. 

STATIONARY    ENGINE    DRIVING :    A   Practical   Manual  Icir 

Enpneers  in   Charge   of    Stations ry  Engines.      By  MiCHAKL  ReVNOLM.     ff* 


Edition,  Enlarged.     With  Plates  and  Woodcuts.     Crown  8vo,  41.  6d.  dolh. 


ijuEhly  Eicqujdnird  with  hit  subjvcu,  Had  hit  advice  on  Uiv  various  poi 
:Leai  ano  pncncai.  ....  tie  hot  produced  a  maoual  which  is  an  eiceediaKly  uicftil  < 
»  for  whom  il  ii  ipecially  inlcnded."— £i!f  iiiMnii/. 


The  Engineer.  Fireman,  and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  Fireman,  and  Engiw- 

Boy.  Comprising  b  Histutical  Notice  of  the  Pioneer  Locomotive  Engines  tM 
their  Inventors,  by  Michael  Kevnolds.  Second  Edition,  with  Revised  Apfti- 
iXi.  With  nnmeioiis  lUusirations,  and  Portrait  of  George  Stephenson.  Ciow 
8vo,  4J.  6d.  clolh.  {JaitpiOliM. 

"  From  iDecechnicaiknoirledEeofEheauthor,  it  will  appftatu  the  TaiLvay  man  «r to-day  monferabl^ 
than  anyihiDS  wriucn  by  Dr.  SmiTei.  ....  The  volunie  CDnlaini  iBfaimaiioD  of  a  tecbiual  liiM 
■ad  facts  ihal  CTery  driver  ihould  be  hniiLur  ynA."-£ntlUII  Mtclunii. 

"Weihouid  be  |lad  toiee  Ihii  tiooli  in  [he  paueBion  of  everyone  io  the  kiDidom  hIio  haii-« 
laid,  or  i>  to  lay,  haodi  on  a  locoipotive  vnpat," — Iren. 

Continuous  Raiiwau  Braiies. 

CONTINUOUS  RAILWAY  BRAKE5:    A  Practical  Treatise  M 

the  several  Systems  in  Use  in  the  United  Kingdom  ,  theii  Constroclion  and  Fa- 
rormance,  With  copious  Illustmlions  and  numerous  Tables.  By  Mioiiir'- 
Rkvnolds.  l.arge  crown  8vo,  9/.  cloth. 
"A  popular  evplanation  of  the  different  brakei.  It  will  be  of  great  auialance  in  lorviJac  pu^v 
nlon.  and  will  be  iiudied  with  benefit  by  ihoie  who  take  ao  ialerut  10  the  biake."~£<v/ull  lUiiU'^- 
t>  of  eLchWlit'lar  brake  10  bt  rcad'ly  sraip^." -,««!(""!. W  S'orS.'  ''°""'"*™°" 

Engine-Driving  Life. 

ENGINE-DRIVING    LIFE:  Stirring  Adventures  and  Intadentsin 

the  Lives  of  Locomotive  Engine- Drivers.  By  MltHAKL  RkvnoLDS.  Thiid  W^ 
Cheaper  Edition.     Crown  Svo,  li.  td.  cloth. 

"  Fmm  5n1  ta  laii  per^ctly  favinaliag.  Witkie  Colllu's  moit  IhriUinit  eonceptiou  ar*  Ihrewii  iiB 
,^j  thade  by  true  ineideniat  Bndleu  in  their  vajiely,  related  in  every  page," — JVcrtA  BriiitkMaiL 

■■  Anyone  who  withej  10  aet  a  real  inriahl  iniD  railway  life  cannot  do  bailee  than  read  '  Sapat; 
Driving  Life'  tor  himieir,  aniT  if  he  once  uEea  ii  up  he  wifl  find  Ihat  ibe  auihor'it  eoIhuHaio  aod  rol 
lure  of  ihe  engine-driving  profeuinn  wdl  carry  bini  on  till  be  bai  read  every  j,tKe."—SartirJsf  Xintm 

Pocket  Companion  for  Enginemen. 

THE    ENGINEMAN-S   POCKET   COMPANION    and   Pranlnl 

Educator  for  Eaginemen,  Boiler  Attendants,  and  Mechanics.  By  MlcB^u- 
RkvnoldS.  With  Forty-five  Illustrations  and  numerous  DJagratos.  Third  EdlliOd 
Revised.  Royal  iSmo,  31.  6J.  strongly  bound  for  pocket  wear 
"  Thit  adnirable  work  it  well  riiled  id  accompliih  iti  object,  bciDg  ihe  he 

"A  mnil  merilorioui  work,  j^ivingina  lucdnct  and  practical  form  all  the  informaci 
lAerdeurouaormaaterins  Ifaeicientificpnndplei  of  hia  daily  calling  would  reduire."^J 
"A  boon  10  ihoae  who  aie itfiving  lo  becoce  efficient  mechaaio,"— /)«■/>  Ckrtmielt. 


^h  marine  engineering,  navigation,  &>(.  ^^ 

KarIHE    engineering,    shipbuilding,  NAVIGA' 
■  TION,  etc. 

ho/iet-8ook  for  Naual  Architects  and  Shipbuilders. 

NAVAL  ARCHITECT'S*  SHIPBUILDER'S  POCKET-BOOK 


nf  FoimuU,   Kale*,  and  Tables,  and 

Maiine  Engmeei's  and  Surveyor's  Haii<t|r 

Bq«k  of  Reference.    B/ClememMa 

CKROW,  M.LN.A.    SUih  Edition,  Revi»cd, 

700  pages,  with  300  Illiistratioas,      Fcap.,  \2i.  ftd.  leather. 
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Marine  Engineering, 

MARINE   ENGINES  AND  STEAM  VES5ELS:  A  Treatise  on. 

By  KoBEkT  MuKRAV,  C.E.     Eigbth Edition,  thoroughly  Revised,  with  coQsiderable 
Additions  by  the  Author  aiid  by  Geobge  Carlisle,  C.E.,  Senior  Surveyor  lo  the 
Board  of  Trade  at  LiverpooL     l3mo,  41.  6d.  cloth. 
"Well  adapted  to  givBthe  yonue  steamship  engineer  or  marine  engine  aod  boiler  makei  a  general 
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"  Tbe  inCormailon  given  is  bolb  sound  and  sensible,  and  well  qnatlhed  to  direct  Toang  sea-going 
dranghtitnen,  and  all  young  engineers  wbo  lake  an  interest  in  tbeii  profession. "—Gl<ii£dt£>'srra'ii.     ' 

English-French  Dictionary  of  Sea  Terms. 

SEA  TERMS.  PHRASES,  AND  WORDS  {Technical  Dic- 
tionary of)  U'>=ii  in  the  English  and  French  Languages.  (Enclish-Fretich,  French* 
English).  For  the  Use  of  Seamen.  Engineers,  Pilots,  Ship-builders,  Shipowner* 
a.aS  Ship-broken.  Compiled  by  W.  PiRRiB,  late  of  the  Afriimi  Steamship  Com- 
pany.    Fcap,  8vo,  51.  cloth  limp,  \yust  publishtii. 


CROSBY  LOCXWOOD   *-  SOff'S  CATALOGUE. 

Electric  Lighting  of  Ships. 

ELECTRIC    SHIP    LIGHTING:    A  Handbook  on  the  Piaclial 
Kilting  and   Running  of  Ship's  Eleclric&l  Plant,  (or  Ihc  UiC  of  Shipowners  ind  ■ 
Builders.    Marine    Eleclrici.ins   and    Sea-going   Engineen  in    Charge.     By  J.  W. 
UbiJUHAHT,   Aulhor  of   "  Eleclric  Light,"  "Dynamo  Construction,"  &c.    WM 
numerous  niusltations.     Crown  Svo,  7/.  &/.  doth. 

PoGket-Book  for  Marine  Engineers. 

MARINE  ENGINEERS'  POCKET-BOOK  of  useful  Tables  »Dd 
Formula.  By  Frank  I'kocioh,  A.I.N.A.  Third  Edition.  Koyil  JlmOi 
teacher,  gilt  edges,  with  strap,  4j. 


Introduction  to  Marine  Engineering. 

ELEMENTARY   ENGINEERING:    A  Manual  for  Young  M«riM 

Engineers  and  Apprentices.  In  the  Form  of  Questiora  md  Answers  on  Melll^ 
Alloys,  Strength  of  MaleriaJs,  Construction  and  Management  of  Marine  Ewiicl 
and  Boilers,  Geometry,  &c.  &c.  With  an  Appendix  of  Ui-eiul  Tables.  By  JoW 
Smsrkkn  Brewer,  Government  Muine  Suncyor,  Hongkong.  Tbird  EditiMi 
small  crown  Svo,  ti.  6d.  clolh. 

"Conulnt  much  valuable  Informi lion  tor  ihs  eUu  Icir  nbom  ii  It  iDiended,  eip«iiUiiBib> 
ehapHii  CD  Ibe  manaiemBnt  of  baiLer*  and  enifinei."— A'dnrico/  MagiuiH4. 

'•  A  ufivful  ibltoductian  la  the  more  elaboralfi  t«il  booki-'^ — Scotimm- 

"ToailudeatobobutbB  r«quiIIIB  daiirc  and  molvo  10  illaia  a  tboroDgh  knawJedBC.Ki' 
Btewic  oHort  decidedly  UMful  help."— ^(*ti.«B«. 

Nauigation. 

PRACTICAL  NAVIGATION.  Consisting  of  The  Sailor's  Sk^ 
Book,  by  James  Greenwood  and  \V.  H.  Rosser!  together  with  the  reqeiBH 
Mathemalicsl  and  Nautical  Table';  for  the  Working  of  the  ProMeml,  by  HW" 
LAVf.C.E.,  and  Professor  J.  K.  Young.    Illustrated,    lamo,  ji.  itronglyhalf-bBWl 

Drawing  for  Marine  Engineers. 

LOCKIE'S     MARINE      ENGINEER'S     DRAWING  -  BOOK- 

Adapted  to  the  Requirements  of  the  Board  of  Trade  Exuninations.  By  JOHX 
, -  r-      ,....u  ._  «,_.._   . -oScale,     Royal  Svo,  3J.W.  cloth. 
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Plates,  Drawn  Ic 
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r  ipcdfic  vurpuw." — Mtihattiiti  IvtrL 

Sailmahing. 

THE   ART  AND   SCIENCE   OF  5AILMAKING.     By  Samdil 

B.  Sadler,  Practical  Saiimaker,  laie  in  the  employment  of  Messrs,  RalKJ  aal 
Laplliome,  ol  Cowes  and  Gospori,  With  Plates  and  other  Illustrations.  SnulltlDi 
12s.  6d.  cloth. 


J I  the  bn< 


Chain  Cables, 

CHAIN   CABLES    AND  CHAINS.     Comprising  Sizes  and  Curvci 

of  Links,  Studs,  &c,,  Iron  for  Cables  and  Chains,  Chain  Cable  and  Chain  Makioj, 
Fonoing  and  Welding  Links,  Strength  of  Cables  and  Chains,  Ceriificaiet  lor 
Cables,  Marking  Cables,  Prices  of  Chain  Cables  and  Chains,  Historical  Nmo. 
Acts  of  Parliament,  Statutory  Tests,  Charges  for  Testing,  List  of  ManufacturtisJ 
Cables,  &c.  &c  By  Thomas  W,  Traill,  F.E.R.N.,  M.InsuC.E.,  Engriwtj- 
Surveyor- in-Chief,  Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Pronsj 
EsUblishments,  and  General  Superinlendent,  Lloyd's  Committee  on  Proving 
Establishments.     With  numerous  Tables,  llluslrations,  and  Lithographic  Dnwia^ 


Folio,  £2  2s.  clolh.  bevelled  boards. 
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MININQ  AND  METALLUROT. 

Uery  Management,  &c. 

COLLIERY   WORKING   AND    MANAGEMENT:     Comprising 

the  Duties  of  a  Colliery  Manager,  the  Oversight  and  Arrangement  of  Labour  and 

Wages,  and  the  different  Systems  of  Working  Coal  Seams.     By  H.  F.  Bulman 

and   R.  A.   S.  Redmayne.     350  pages,  with  28  Plates  and  other  Illu:>t  rat  ions, 

including  Underground  Photographs.     Medium  8vo,  15^.  cloth.       [Just  published. 

This  is,  indeed,  an  admirable  Handbook  for  Colliery  Managers,  in  fact,  it  is  an  iadispeosable 
ict  to  a  Colliery  Manager's  education,  as  well  as  being  a  most  useful  and  interesting  woric  on  the 
:ct  for  all  who  m  any  way  have  to  do  with  coal  mining.  The  underground  pbotogiaphs  are  an 
ctive  feature  of  the  work,  being  very  life-like  and  necessarily  true  representations  uf^the  scenes 
depict." — Colliery  GuanHan. 

'  Mr.  Bulman  and  Mr.  Redmayne,  who  are  both  experienced  Colliery  Managers  of  ^reat  literary 
J  are  to  be  congratulated  on  having  supplied  an  authoritative  work  dealing  with  a  side  of  the 
^ct  of  coal  mining  which  has  hitherto  received  but  scant  treatment.  The  authors  elucidate  their 
l>y  119  woodcuts  and  «8  plates,  most  of  the  latter  being  admirable  reproductions  of  photographs 
I  underground  with  the  aid  of  the  magnesium  flash-light.  These  illustrations  are  excellent.''^ 
irt. 

ammable  Oases, 

INFLAMMABLE    GAS   AND   VAPOUft    IN    THE    AIR    Tthe 

Detection  and  Measurement  of).  By  Frank  Clowes,  D.Sc,  Lond.,  F.I.C.,  Prof, 
of  Chemistry  in  the  University  College,  Nottingham.  With  a  Chapter  on  The 
Detection  and  Measurement  of  Petroleum  Vapour  by  Boverton  Red- 
wood, F.R.S.E.,  Consulting  Adviser,  to  the  Corporation  of  London  under  the 
Petroleum  Acts.     Crown  8vo,  cloth,  5^.  net.  [J ust  published, 

'  Professor  Clowes  has  given  us  a  volume  on  a  subject  of  much  industrial  importance.  .  .  . 
t  interested  in  these  matters  may  be  recommendea  to  study  this  book,  which  is  easy  of  compre- 
ion  and  contains  many  good  things."— 77^  Engineer. 

'  A  convenient  summary  of  the  work  on  which  Professor  Clowes  has  been  engaged  for  sonw 
iderable  time.  .  .  It  is  hardlv  necessary  to  say  that  any  work  on  these  subjects  with  thei^e 
ss  on  the  title-page  must  be  a  valuable  one,  and  one  that  no  mining  engineer — certainly  no  coal 
r— can  afford  to  ignore  or  to  leave  unread .  "—J//«/«^  Journal. 

ing  Machinery. 

MACHINERY  FOR  METALLIFEROUS  MINES:    A  Practical 

Treatise  for  Mining  Engineers,  Metallurgists  and  Managers  of  Mines.    By  E.  Henry 

Davies,   M.E.,  F.G.S.    Crown  8vo,  580  pp.,  with  upwards  of  300  Illustrations. 

I2s.  6d.  cloth.  [7^^  published. 

'  Mr.  Davies,  in  this  haodsome  volume,  has  done  the  advanced  student  and  the  manager  of  mines 
service.  Almost  every  kind  of  machinery  in  actual  use  is  carefully  described,  and  the  woodcuts 
>Utes  are  good." — Athenosum. 

'  Frotn  cover  to  cover  the  work  exhibits  all  the  same  characteristics  which  excite  the  conHoence 
attract  the  attention  of  the  student  as  he  peruses  the  first  pat^e.  The  work  may  safely  be  recom- 
led.  By  its  publication  the  literature  connected  with  the  mdustry  will  be  enriched,  and  the 
tatioQ  ofits  author  enhanced." — Mining  Journal, 

iailiferous  Minerals  and  Mining. 

METALLIFEROUS    MINERALS    AND  MININQ.      By  D.  C. 

Davies,  F.G.S. ,  Mining  Engineer,  &c..  Author  of  **  A  Treatise  on  Slate  and  Slate 

Quarrying."      Fifth  Edition,  thoroughly  Revised  and  much  Enlarged  by  his  Son, 

E.  Henry  Davies,  M.E.,  F.G.S.    With  about  150  Illustrations.    Crown  8vo, 

\2s.  6d.  doth. 

'Neither  the  practical  miner  nor  the  general  reader,  interested  in  mines,  can  have  a  better  book  for 
ompanion  and  his  guide/' — Mining  Journal. 

'We  are  doing  our  readers  a  service  in  calling  their  attention  to  this  valuable  work." — Mining  World. 
*  As  a  history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a  real  value,  and  it 
lies  an  actual  want."— ^  tkemeum, 

thy  Minerals  and  Mining. 

EARTHY  AND   OTHER  MINERALS   AND  MININQ.     By  D. 

C.  Davies,  F.G.S.,   Author  of  "Metalliferous  Minerals,"  &c      Third  Edition, 

Revised  and  Enlarged,  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S.     With  about 

100  Illustrations.     Crown  8vo,  12s.  6d.  cloth. 

Wc  do  not  remember  to  have  met  with  any  English  work  on  mining  matters  that  contains  the  same 
It  of  information  packed  in  equally  convenient  form." — Academy. 

We  should  be  inclined  to  rank  it  as  among  the  very  best  of  the  handy  technical  and  trades 
Us  which  have  recendy  appeared." — British  Quarterly  Review, 


30  CROSBY  LOCKWOOD  &-   SONS  CATALOGUE. 

Metalliferous  Mining  in  the  United  Kingdom. 

BRITISH  MINING:  A  Treatise  on  the  History,  Discovery,  Piacticjl 

Development,  and  Future  Prospecti  of  Metalliferons  Mines  in  tbe  United  KingdoB. 
By  ROBEST  Hunt,  F.R.S.,  Uie  Keeper  of  Miniag  Records,  Upwards  of  9S0pp.. 
with  330  lUiistiBtions.     Second  Ediiion,  Revised.     Super-roy>I  Svo,  £2  U,  dMb. 

uha  nTDik  <inbadyii«  ta  grcU  a  mua  of  nultu  of  iSii  kind.  Were  tlu>  Ihn  only  mail  of  Mr,  Hini'i 
ToLunic  iiwouldbe  luffiocnl  lo  rsndsr  il  indiipflmbie  in  Lhi  llbnry  of  everyone  iniereUed  in  ittedtretop- 
meni  of  ih«  minitig  »nJ  meuUurginil  imlu.mej  of  thiiioumry."— -4(*™»""J. 

Underground  Pumping  Machinery. 

MINE  DRAINAGE:  Being  a  Complete  and  Practical  Treatise  on 
Direct-Acling  Underground  Steam  Pumping  Machinery,  with  a  Descriptiori oF  1 
large  numiierof  the  best  known  Engines,  their  General  Utility  and  the  SpecuU.  Spberr 
of  their  Action,  the  Mode  of  their  Application,  and  their  merits  compared  •ill 
other  forms  of  Pumping  Machinery.  By  Stephen  Michelu  Svo,  15/.  doth. 
*'  Will  he  highly  uuemvd  by  coUiery  owatn  ud  leiani,  nicuiif  edgin«4n.  and  fttudenu  ijqaBnDir 
whonqmrc  to  be  acquunied  irilh  ihebaic  mauuariecuriaflhidnunaieormioet.  It  ii  *  noit  nK- 
■Ue  work,  and  srxiidi  alnoir  alone  in  >>w  Ihintun  of  item  punjiiDK  nuhimrr." — (Tf fUcrr  Cmi4u> 
"Much  valuible  iDfoniiuion  itciTen,  »  ihM  the  bosk  ii  thnrouihly  worihy  of  u  ensuiKecKS' 

Prospecting  for  Gold  and  other  Metals. 

THE  PROSPECTOR'S  HANDBOOK:  A  Guide  for  the  Prospector 

and  Traveller  in  bearch  of  Metal-Bearing  or  other  Valuable  Minerxlt.  Byf.  W. 
Anderson,  M.A.  (CanibO,  F.R.G.S.,  Author  of  "Fiji  and  New  Caledom" 
Seventh  Edition,  Ihoioughly  Revised  and  much  Enlarged.  Small  crown  Svo,  y.U. 
cloth ;  or,  41.  6J.  leather,  pocket-book  form,  with  luck.  [Jiut  fabmhi. 

ninoTalogiis]  ipecimem  [he  value  oV  which  it  II  difBcutI  id  dclemuDt.'— fivi'iffr. 

"  How  10  nod  comEDCicial  mlDenl*.  Bod  how  to  identify  ihem  when  Ihev  are  found,  uF  til*  I«>ili>l 
poinuio  which  niKntion  ii  directed.  The  author  hu  runaged  to  pack  n  Duch  pmncaldeuiliiDU 
page!  u  would  lupply  material  for  a  bosk  three  lim"  iu  liie."— Wi«i<«  Jnimmf. 

Mining  Notes  and  Formulce. 

NOTES  AND  FORMUL-C   FOR  MINING   STUDENTS.     By 

John  HeRMAN  Mebivai-e,  M.A.,  Cetlilicoicd  Colhery  Manager,  ProfeiiOf  « 
Miningin  ihe  Durham  College  of  Science,  Newcastle-upon-Tyne,  Third  Edilun, 
Revised  and  Enlarged.      Small  crown  Svo,  3s.  6d.  ctolb. 

Handybook  for  Miners. 

THE  MINER'S  HANDBOOK:  A  Handy  Book  of  Reference  on  the 

subjects  of  Mineral  Deposits,  Mining  Operalions,  Ore  Dressing,  &c.  For  Ihe  I'lC 
of  Students  and  others  interested  in  Mining  matters.  Compiled  by  luan 
MiLNE,  F.R.S.,  Professor  of  MiniHE  in  Ihe  Imperial  University  of  Jap"' 
Revised  Edition.      Fcap,  Svo,  71.  6J.  leather. 


Miners'  and  Metallurgists'  Pocket-Booh. 

A  POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS. 

Comprising  Rules,  FormuU-,  Tables,  and  Notes,  for  Use  in  Field  and  Office  WotI. 
By  F.  Danvers  Power,  F.G.S.,  M.E.     Fcap.  Svu.  gj.  leather. 


Mineral  Surveying  and  Valuing. 

MINERAL  SURVEYOR  and  VALUER'S  COMPLETE  GUIDE 

Comprising  a  Treatise  on  Improved  Mining  Surveying  and  Ihe  Valuation  of  Minit 
Properties,  with  New  Ttavetse  Tables.  By  Wm,  Lintern.  Third  Edition,  £«• 
laifed.     iimo,  y.  6it.  clolh. 


Colliery  Management. 

THE  COLLIERY  MANAGER'S  HANDBOOK:  A  Comprehensive 

Treatise  on  ihe  Laying-oul  and  Working  of  Collieries,  Designed  »S  a  Book  of 
Reference  for  ColUerj  Mnnagera,  and  for  the  Use  of  Coal-MininB  Students  pre- 
paring for  Fitsl-class  Certihcates.  By  CALEB  Pamblv,  Mining  Engineer  and 
Surveyor  ;  Member  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers;  and  Member  of  the  South  Wales  Institute  of  Mining  Engineets, 
With  nearly  700  Plans,  Diagrams,  and  other  lllustralions.  Third  Edition, 
Revised  and  Enlarged,  medium  Svo,  about  900  pp.  Price  £l  y.  strongly  bound, 
SuM.MARV  Of  Contents, 


*-N«^' 


.i..AVca.~Diuii»QE^TH> Gases       KiPoaTDrH.M.Ca>tiitGSio)>»s  on  AccidihTI 
"      '    Minis;  Vbhtilation.— Oh  thb       in  Uines. 

I      .-.  Am  ID  "tiivia.-Tm  Pixebtuan  ' 

'  Mr.  VtmtVt  fau  noi  eolf  given  us  a  comprabenilve  riterencs  book  at  a  very  high  otdcr. 
■oiUUe  ID  Ihe  requlnmeau  of  mlnloR  enitlneen  and  CD^Iiery  manaeeis,  but  bai  alto  provided 
mlnlnit  sa<l*auwjiha  clan-book  ibii  11  u  iaieresun«  u  it  ia  intiructlis."— Cg;Jiir>  Jtf anafc. 
,  "Mr.  Pucl/i  irdik  U  dDmenily  luited  to  ihe  jmrpoie  [01,  which  u  it  imended-bcinE  clut,  ioler- 

NoUl«iryofcgj|-inima(&H>ltii»eompleww.lhoiiIil/'— LW^».->£«f,«*r(Sc.Mlon,  Pa,,  C.S.aV 

Coal  and  Iron. 
V       COAL&  IRON  INDUSTRIES  OF  THE  UNITED  KINGDOM. 

H  Comprising  a  Description  of  the  Coal  Fields,  and  of  ihe  Principal  Seams  of  Coal, 
■  with  Kelums  of  theit  Produce  and  iu  Distribution,  and  Analyses  of  Special  Varie- 
^      ties.    Also,  an  Account  of  (be  occurrence  of  Iron  Ores  in  Veins  or  Seams  ;  Analyses 

of  each  Variety  ;  and  a  History  of  the  Kise  and  Progress  of  Pig  lion  Manufacture. 

By  Richard  Meade,     fivo,  £1  %s.  clolh. 
"Orih><lXK>k<>enurunrcMrvcdly»rihii<iliiIlicb«tofi»du>wh[chwehiveEveinici.    .    .  , 

Coal  Mining. 

COAL  AND  COAL  MINING,  A  Rudimentary  Treatise  on.  By  the 
late  Sir  Wabincto.n  W.  Smyth,  M.A,,  F.R.S.,  &c..  Chief  Inspector  of  the  Mines 
of  tbe  Crown,  Seventh  Edition,  Revised  and  Enlarged.  With  numeious  Illus. 
Inuions,  12mo,  y.  dJ.  cloth. 

,|E*  booli»i:i  loublleii  itiHttil  a  very  large  OLmtier  uf  reiiaC—Mixin/i  yeun.^. 

Asbeatos  and  ita  Uaea. 

ASBESTOS:    Its  Properties,  Occurrence,  and  Uses.    With  some 

Accouni  of  the  Mines  of  Italy  ai  '   "        '         "     "  "     '"     ""       '""'    "'   "' 

ColIoiyi« Plates  and  oilier  Illus 

Subterraneoua  Surveying. 

SUBTERRANEOUS  SURVEYING.  Elementary  and  Practical 
^^L  Treakli&e  on ;  with  and  without  the  Magnetic  Needle.  By  Thomas  Fenwick,  Sur- 
^^Vveyotof  Mines,  :uid  Thom\6  Bakcr,  C,E.    lUiistrated.     iiroa,  is.  6J.  cloth. 

^^mnite  Quarrying. 

^BqRANITES  AND  OUR  GRANITE  INDUSTRIES.     By  George 

^^W.  UaKKIS,   F.G.S..   Memt.re   de   la  Socicle   Beige  de   Geologie,    Lecturer  00 
^^Beonomio  Geology  at  the  Birkbeck  institution,  tec.     With  Illustrations.     Ciohd 
^^HvM,  xi.  6d.  cloth. 
^KfAtSttij  tod  well- "linen  mill  ml  ior  persons  enesKcd  or  inlorssled  In  ibogtanne  induHry.'-— 


lati 

■         Of 


GoJd,  Metallurgy  of 

THE  METALLURGY  OF  GOLD:  A  Practical  Treatise  on  the 
Melallurgiral  Trealmcnt  of  Gold-btaiing  Ores.  Including  ihe  Processes  of  Conceo 
Irition,  UhloriDSLlion,  and  Exlraclion  by  Cyinide,  and  the  Assa.yiag,  Melting.  idJ 
Refining  of  Gold.  By  M.  Eissler,  Mining  Engineer  and  Metiilurgical  Cbmisl, 
formerly  Assistant  Assayer  of  the  U.S.  Mint,  San  Francisco.  Fourth  EdilioB,  Et- 
Urged.  With  about  250  Illustrations  and  numerous  Folding  Plates  and  Workine 
DrBwiogs.     Large  crown  8  vo,  l6u-.  cloth.  [Just  fuklisM. 


>k  ihorc 


■Shlyd. 


lllnK.  from  the  hreakingol  lh< 


s  lUlB  ol 


«[«.■    The  who 
I.  isdescribodin 


Gold  Extraction, 

THE  CYANIDE  PROCESS   OF  GOLD  EXTRACTION;  andits 

Traclira!  Application  on  the  Wilwaterarand  Gold  Fields  in  South  Africa.  Sy  M. 
EissLEK,  M.E.,  Author  of  "  The  Metollui^  of  Gold,"  &c  With  Diagnuni  ud 
Working  Drawings.     Large  crown  Svo,  7/.  6i/,clotli.  [yust  fnUiiiii. 


Silver,  Metallurgy  of. 

THE  METALLURGY  OF  SILVER:  A  Practical Treadse  on  tht 

Amalgamation,  Roastint:,  and  Liiiviation  of  Silver  Ores.  Inclading  the  AsHiyi% 
Melting,  and  Ketining  of  Silver  Bullion.  By  M,  ElssLKB.  Author  ot  "  The  Melil- 
lurgy  of  Gold,"  &c.     Third  Edition.     Crown  Sra,  tas.  6J.  cloth. 

se.  and  a  lechnical  work  which  we  ars  eonrinced  will  ioppliatoal  Wi»«" 
,  and  11  itae  same  time  be  of  value  to  aludeuu  auct  oiben  ladirectlT  c«HClri 
Uinine  TounuL 

aaghly  sou  ad  and  reliable."— CslIUrj'  GHardiim. 


with  liie  bdnil 


.1  la  Iu>  Ihe  book  ii 

" For cUecnisti, practical  min*__, _  _. .  _    .   , 

Ihe  iiibjecl  so  bandy  and  ret  10  compieliensive."— G'<«kos  HiralJ. 

Lead,  Metallurgy  of. 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD:  APrsc- 

tical  Treatise  on  the  Smelling  of  Silver-Lead  Ores  aJld  the  Refining  of  Lead  Bullioi. 
Including  Reports  on  various  Smelting  Establishments  and  Descnpliont  of  Hod'"' 
Smelting  Furnaces  nnd  Plants  in  Europe  Uiil  America.  By  M.  Els,SLEIt,  M.E^- 
Author  of  "  The  Metallurgy  of  Gold,"  itc.  Crown  8vo,  400  pp.,  with  183  Hlns' 
[rations,  its.  6J.  cloth. 
" The  DumerDutneullurgicalprocsiHi.  which  are  fully  and  eitsrulrelf  titiled  al.vnlKacillll^' 

"Tke  pment  Tolumg  fullir  maintaini  the  repuullon  of  Ihi  aulhor.    Thcnc  w^g  wlih  10  aWn* 
tbwauthiniig!i[iatoIhe|>rc»nI>uieDr  ihis  iiKtusny  cannot  ilo  beiiH  ihao  rud  [hit  roluw,  vi' u 

Iron,  Metallurgy  of. 

METALLURGY  OF  IRON.     By  H.  Bauerm.\n,  F.G.S.,  A.R.S.M. 

SixUi  Edition,  Revised  and  Enlarged,      umo,  51.  cloth. 

Iron  Mining. 

THE    IRON   ORES   OF  GREAT   BRITAIN  AND   IRELAND: 

Their  Mode  ot  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searchuig  for  "W 
Working  Them.     With  a  Notice  of  some  of  the  Iron  Ores  of  Spain,     Cy  J-  D       ' 
Kendall,  F.G.S.,  Mining  Engineer.     Crown  Svo,  i&i.  cloth. 
"  TI1C  aulhor  bas  a  Itioroonb  practical  knaolrdge  of  Iiis  sub)«c(.  and  has  lapplameDled  1  atti'' 
atudy  ti  Ihe  availabla  lllprDiqre  by  unpublitb"''  * «*'.."■  .■'!""  h=...«-h  »rt,m  h,«  n_n  AkvnitiaM 

dusuy  of  thecouniry,"'— /iwliijina. 


ELECTRICITY,  ELECTRICAL   ENGINEERING,  ^c.  23 


■LXOTRIOITT,  ELECTRICAL  ENQINEERINQ,  ETC. 
Submarine  Telegraphy, 

SUBMARINE  TELEGRAPHS:  Their  History,  Construction  and 
Working.  By  Charles  Bright,  F.R.S.E.  Super  royal  8vo,  about  600  pages, 
fully  illustrated.  [In  ih€  press, 

[To  Subscribers  before  publication  £2  2s,  net;  after  publication  the  price  will  be 
raised  to  £$  3^.  net.] 

Electrioal  Engineering. 

THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK  of  Modem 

Rules,  Formulae,  Tables,  and  DaU.  By  H.  R.  Kemp*,  M.  Inst.  E.E.,  A.  M. 
Inst.  C.E.,  Technical  Officer,  Postal  Telegraphs,  Author  of  **  A  Handbook  of 
Electrical  Testing,"  '*The  Engineer's  Year-Book,"  &c.  Second  Edition,  Tho- 
roughly Revised,  with  Additions.  With  numerous  Illustrations.  Royal  32mo, 
oblong,  $s.  leather. 

"  There  is  very  little  in  the  shape  of  formalaB  or  data  which  the  electrician  it  likely  to  want  in 
a  hurry  which  cannot  be  found  ia  its  p^es."— Practical  Engineer. 

*A  very  osefol  book  of  reference  for  daily  use  in  practical  electrical  engineering  and  its  varioai 
ai;»plications  to  the  industries  of  the  present  dzy."— Iron. 

**  It  is  the  best  book  of  its  kind."— Electrical  Engineer. 

**The  Electrical  Engineer's  Pockec-Book  is  a  good  one."  ~  Electrician. 

'*  Strongly  recommended  to  those  engaged  in  the  electrical  induMtiies." ^Electrical  Review. 

Eleotrio  Lighting. 

ELECTRIC  LIGHT  FITTING  :  A  Handbook  for  Working  Electrical 

Engineers,  embodying  Practical  Notes  on  Installation  Management.     By  J.  W. 

Urquhart,  Electrician,  Author  of  '*  Electric  Light,"  &c.     With  numerous  Illusts. 

Second  Edition,  Revised,  with  Additional  Chapters.     Crown  8vo,  5/.  cloth. 

''This  volume  deals  witn  what  may  be  termed  the  mechanics  of  electric  lighting,  and  is 
addressed  to  men  who  are  already  engaged  in  the  work,  or  are  training  for  it.  The  work  traverses 
a  great  deal  of  ground,  and  may  be  read  as  a  sequel  to  the  same  author's  useful  work  on  '  Electric 
LiibU*'*—Blectncian. 

^  '*This  is  an  attempt  to  state  in  the  simplest  langnage  the  precautions  which  should  be  adopted 
in  installing  the  electnc  li^t,  and  to  give  information  for  the  guidance  of  those  who  have  to  run  the 
p*int  when  installed.  The  book  is  well  worth  the  perusal  of  the  workman,  for  whom  it  is  written. "« 
HUctrical  Review. 

**  Eminently  practical  and  usefal Ought  to  be  in  the  hands  of  everyone  in  charge  of  aa 

electric  light  pant."— Electrical  Engineer. 

Electric  Light. 

ELECTRIC  LIGHT:    Its  Production  and  Use,  Embodying  Plain 

Directions  for  the  Treatment  of  Dynamo-Electnc  Machines,  Batteries,  Acconralatoriy 
and  Electric  Lamps.  By  J.  W.  Urquhart,  C.E.,  Author  of  ''Electric  Light 
Fitting,"  "Electroplating,^  &c  Fifth  Edition,  carefully  Revised,  with  Large 
Additions  and  145  Ulnstraiions.    Crown  8vo,  7s.  6J.  cloth. 


a  good  deal  of  very  interesiing  information,  especially  in  the  parts  where  die  anthor  gives 
"  og  costs.'* — EUcirualE*_ 
A  re^r  -rn ot  the  «al>eat  bucx*  connecced  with  the  science  of  electric  lighftnt  "^EUctrioMm. 


*'  The  whole  ground  of  electric  lighting  is  more  or  leu  corered  and  rvt.Tained  in  a  very  clear  and 

•^ **—Btectricai  Rez'iem. 

cal  of  very  inte  _ 

costs.'* — Eiecincal  Engimter. 

the  tfiieat  iscts  connecced  wit 
**  Yoa  cannoc  for  yoor  parpoM  have  a  better  book  than  '  Elczuic  Light.'  by  Vrqtibart,'''—Ei^imeer. 
"The  book  is  by  Car  the  beu  that  ve  have  yet  met  with  on  the  ftobfect.** — AtketurMm, 

Conetruction  of  Dynamos. 

DYNAMO  CONSTRUCTION :  A  Practical  Handbook  for  the  Use  of 

Engineer  Omstmctors  and  £lectiicians*tn'Charge.  EmbraciDg  Framework  BniJd- 
ing.  Field  Magnet  and  Armature  Winding  and  Grouping,  Compounding,  Ice 
vTith  Examples  of  leading  English,  American,  and  Contmental  Dynamos  and 
Mocon.  By  J.  W.  Vku^'Haslt,  Author  of  *'  Electric  U^u"  &c  Second  Edition, 
Enlarged.     With  1 14  Illitstnuions.     Crown  Svo,  jj.  6d,  cloth. 

M  |g,^  Un|vtarfs  book  i*  the  firvt  one  which  desk  wxth  cfa««e  cutters  in  mko  a  way  that  the  eagiaccr« 
iac  vtw&T^  cms  aadcntauid  Uresi-  TLc  ktook  i%  very  rea<da-^.«.  aad  the  aw&bor  lead*  kjs  fcaders  np  to 
^Ecak  rir*yT**  by  reasooaijiv  uod^mc  veyu.'—'Em^fimerrrt^  Rrvirm. 

** * I>yiUMM>  Ciiiliii  "tin  I '  flKirc  Chan  kaiOLjL£.»  tee  iaa^z,  Ct-Mx-iCUa  «f  tbe  avtbor'ft  _ 
It  is  ftooe  to  be  wid&y  read  i/y  the  Urge  sl^  ra^Mdly-ib'.rcatrfXkg  nMm3s0a  k4  pr»ctjiLal 

g^  hoak  lor  wbich  a  Jfind  has  long  cuscod.  ^MtckMmicm*  'A'^rU. 
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Dynamo  Management. 

THE  MANAGEMENT  OF  DYNAMOS:  A  HandybookofThewy 

and  Practice  for  the  L'sc  of  Mechanics,  Engineers,  Sludems  and  others  ip  CUrp 

of  Oymainos.      By  G.   VV,  LuMHis  PATiRios.      With   iiumeroiu  llluslraliou- 

Crown  Svo,  y.  W.  cloili. 

"An  numple  which  dmrvK  la  betakFuui  model  byolher  lulbon.    The  lubjcct  i>  twint  Ik  ■ 

nniDcr  »liit:£  anr  inielUcint  mio  who  it  Ai  lo  bi  enimutd  with  chuKC  nf  u  cngint  thauld  U  ibk  i) 

uiMjrauiid,    li  if  1  UMful  book  to  alJ  who  niki.  lend  or  tmploy  electric  nwchLMr,."-^nfcrH(. 

jfl  New  Dictionary  of  Eleotrioity. 

THE  STANDARD  ELECTRICAL  DICTIONARY.    A  PopularDic- 

tionaiy  of  Words  ana  Terms  Used  in  the  Prjclice  of  Electrical  Engineering.    Con- 
■   ■   '  ■      '  "  -   -  ■  '■     -    -loan!  A.M.,  PLC. 

vellpnllaiUhaUidi* 

ubom  s.ooo  references  will  be  toao<i.--Eleanta' Riiiiv, 

Electric  Lighting  of  Ships. 

ELECTRIC    SHIP-LIOHTING:    A  Handbook  on   the  PracUal 

Filling  and  Running  of  Sliip's  Electrical  Flam,  For  the  Use  of  Shipownmurf 
Buililers,  Marine  Eleclricians,  and  ^ea-going  Engineers  in  Charge.  Bjr  J.  V. 
L'rquhart,  C.E.     With  »$  Illustrations,  crown  Svo,  71.  W.  clolh. 

"The  luciecl  o(  ship  electric  llnDtiTiR  la  one  of  viBIimpoi '"-  ■■--■-- 

complimeQleil  for  plicliiEBUch  a  valuable  oojkaltbeiervlce. 

Country  House  Electric  Lighting. 

ELECTRIC    LIGHT   FOR  COUNTRY   HOUSES:    A  Practicil 

Handbook  on  the  Erection  and  Kuaning  of  Small  Inslallations.  with  Pariieultn 
of  the  Cost  of  Plant  and  Working.      By  J,  H.  Knicht.     Crown  Svo,  u.  wrappM- 
URhi[hcr,o.BhT»«!"-'A"i^iiA-,™"''   "''"*''''"''"     ""'"'=    ""' 

Electric  Lighting. 

ELEMENTARY    PRINCIPLES    OF    ELECTRIC    LIQHTINO. 

By  Alas  A.  Campbell  Swinton,  Associate  I.E. E.      Third  Edition,  Enlwr* 
■nd  Revised.     With  Simeen  Illustrations.     Crown  Svo,  u.  61/.  cloih, 
*'An)>ODE  who  deiiiei  a  ihoit  and  ihoroiighly  clear  eiBosUiDO  oi  the  eiemeDIarr  pcinopla" 
elcclnc-llghling  canooi  do  betier  thaa  read  Lhislinle  work  "—BrmdfBTd  Oturvtr. 

Dynamic  Eiectricity. 

ELEMENTS  OF  DYNAMIC  ELECTRICITY*  MAGNETISM- 

By  Philiv  Atkinson,  A.M.,  Ph.D  ,  Author  of  "  Elemenis  of  Sialic  EleclridlJ." 
iic.     Crown  Svo,  417  pp.,  with  lao  Illustrations,  101.  6./-  clurh. 

Electric  Motors.  &c. 

THE    ELECTRIC   TRANSFORMATION   OF   POWER  and  its 

Application  by  ihe  Electric  Moior,  including  Electric  Railway  Conslniction.  Bj 
P.  Atkinson,  A.M.,  Ph.D.     With  96  lliustcalions.     Crown  8vo,  7/,  td.  cloili. 

Dynamo  Construction. 

HOW  TO  MAKE  A  DYNAMO:  APracticalTreatiseforAmatem 

Containing  numerous  Illustrations  and  Detailed  Instructions  for  Constiacthi^  * 
Small  Dynamo  to  Produce  the  Electric  Light.  By  Alfred  Crofts.  Fiftb 
Edition,  Revised  and  Enlarged.     Crown  Svo,  is.  cloth,  [J uil  fiKilisil' 

"ThelastrucIioDS  given  in  this  unprelenlioui  liltle  hook  iro  luScienliy  clear  ud  "P''^"' 

Sm\lel^7w'Tksbop,"'b^1M\pracJ^^d^LCo'I!flfchm^'-E^«lri 

Text-Boofi  of  Electricity. 

THE    STUDENT'S    TEXT-BOOK     OF    ELECTRICITY.      By 

H.  M.  NoAD,  F.R.S.  Cheaper  Edition.  650pp.,  with  470  1 11  ua  I  rations.  Crown 
810,  9j.  doih, 


ARCHITECTURE,  BUILDING,  b'c,  as 


ARCHITECTURE,  BUILDING,  etc.  |f 

Construction.     ~^ 
CTICAL  BUILDING  CONSTRUCTION:    A  Handbook  for 

nts  Preparing  for  Examinations,  and  a  Book  of  Reference  for  Persons  En- 
in  Building.     By  John  Parnell  Allen,  Surveyor,  Lecturer  on  Building 
ruction  at  the  Durham  College  of  Science,   Newcastle-on-Tyne,     Medium 
50  pages,  with  1,000  Illustrations.     I2J.  6d.  cloth. 

ost  complete  exposition  of  building  construction  we  have  seen.      It  contains  all  that  is 
prepare  students  for  the  various  examinations  in  building  consuuction." — BuiUHn^  Nnv$, 
ithor  depends  nearly  a*  much  on   his  diagrams  as  on  his  type.     The  pages  suggest  the 
an  of  experience  in  building  operations— and  the  volume  must  be  a  blessiog  to   many 
cli  as  to  students."— rA^^wAiW/.  ,.,  ...... 

)rk  IS  sure  to  prove  a  formidable  rival  to  great  and  small  competitors  alike,  and  bids  lair 
coanent  place  as  a  favounte  students' text-book.  The  large  number  of  illustrations  deserve 
mtion  for  the  great  merit  they  possess  for  purposes  of  reference,  in  exactly  corresponding 
t  scales."— 7<7«r.  Inst.  Brit.  Archts.  \  \ 


?  for  Architects, 
MECHANICS    OF    ARCHITECTURE:      A    Treatise  on 

L   Mechanics,   especially  Adapted  to  the  Use  of  Architects.     By  E.   W. 

M.A.,    Author  of  **The   Science   of  Building."  &c-       Second    Edition, 

d.      Illustrated  with  125  Diagrams.     Crown  8vo,  Ts.  6d.  cloth. 

k  is  a  very  usefjl  and  helpful  manual  of  architectural  mechanics,  and  really  contains 

;able  a  careful  and  painstaking  student  to  ijrasp  the  principles  bearing  upon  the  nu- 

ing  problems.    .    .    .     Mr.  Tarn  has  added,  by  this  volume,  to  the  debt  of  mtitnde 

g  to  him  by  architectural  students  lor  the  many  valuable  works  which  he  nas  pro- 

r  use." — Th€  Builder. 

banics  in  the  volume  are  really  mechanics,  and  are  harmoniously  wronght  in  with  tlie 

>fessional  matter  proper  to  the  subject.    The  diagrams  and  type  are  cotnmendalrfy 

choolmaiter. 

Builder's  Price  Boot<,  1897. 

WOOD'S   BUILDER'S    PRICE    BOOK    FOR    1897.     A 

hensive  Handbook  of  the  Latest  Fnces  and  Data  for  Builders,  Arciiitects, 

rs.  and  Contractors.     Re-constructed,  Re- written,  and   Greatly  Enlax^ed. 

scis  T.  \V.  Miller.     800  closely-printed  pages,  crown  8vo,  4/.  cloth. 

k  is  a  very  usefal  one,  and  should  fina  a  place  in  every  English  oftcc  conoecied  with 

kd  cngineerini5  prolessions." — Induitrus, 

lent  book  of  reference  " — Architect.  •     ••    j     ^ 

m  and  revised  lorm  this  Price  Book  is  what  a  work  of  this  kind  snoold  be— coDpr*- 

le,  well  arranged,  legible,  and  well  bound.**— f^nfts*  Arcktitct. 


CTICAL  MASONRY :    A  Guide  to  the  Art  of  Stone  Cutting.  \ 

ising  the  Construction,  Setting-Out,  and  Working  of  Stairs,  Circular  Work, 

1,  Niches,  Domes,  Pendentives,  Vaults,  Tracery  Windows,  &c.  &c.     For  the  ), 

r  Students,  Masons,  and  other  Workmen.     By  William  R.   Purchase,  , 

ig  Inspector  to  the  Town  of  Hove.     Royal  8vo,  134  pages,  with  50  Litho-  j 

:  Plates,  comprising  nearly  400  separate  Diagrams,  Ts.  6U.  cloth. 

rchase's  •  Practical  Masonry  '  will  undoubtedly  be  found  useful  to  all  interested  in  this 

t>ject,  whether  theoretically  or  practically.    Most  of  the  examples  jtlven  are  from  actual 

out,  the  diagrams  being  carefully  drawn.  The  book  is  a  practical  treatise  on  the  subject, 

mself  having  commenced  as  an  operative  mason,  ana  afterwards  acted  as  foreman 

ny  large  and  important  building*  prior  to  the  attainment  ot  his  present  position.    It 

ind  of  general  utility  to  architectural  students  and  others,  as  well  as  to  those  to  whom  it 

Idresscd."— 7i;//r«a/  0/  the  Royal  Institute  0/  British  Architects. 

hor  has  evidently  devoted  much  time  and  conscientious  labour  in  the  production  of  his 

uriW  be  found  very  serviceable  to  students,  masons,  and  other  workmen,  while  its  valoe 

need  by  the  capital  illustrations,  consisting  of  fifcy  lithographic  plates,  comprisiOK  about 

"—Illustrated  Carpenter  and  Builder. 

:RETE:    its  nature  and  uses,     a  Book  for  Archi-  J 

Guilders,  Contractors,  and  Clerks  of  Works.      By  George  L.  Sutcliffe, 

B.  A.     350  pages,  with  numerous  Illustrations.    Crown  8vo,  yj.  dd,  cloth.  f 

hor  treats  a  difficult  subject  in  a  lucid  manner.     The  manual  fills  a  long  felt  gap.     It  is  \ 

chaustive  ;  equally  useful  as  a  student'^  guide  and  an  architect's  book  of  reference.*' —  ' 
ya/  IftstitutioK  of  British  Architects. 

room  for  this  new  book,  which  will  probably  be  for  some  time  the  standard  work  on  the  , 

uilder's  purpose." — Glasgow  Herald.  \ 
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The  New  London  Building  Act 

THE  LONDON  BUILDING  ACT,  1894.     With  the  By-Laws  and 

KcgulaitDns  ot  tlie  London  County  Couttci),   and   Introduction,  Notet,  Cueiul 
lade;^     By  ALEX,  J.  Daviu,   B.A.,  LL.M.,  of  the  Inaei  Temple,  BuriMn-U' 
Law.     Crown  8vo,  31.  (td.  clotli. 
"  To  all  iichitecu  and  diitricc  lurvcyon  and  Ijuildcn.  Mr.  David'i  minuit  will  be  welame.-- 

'■Th^  velumc  will  dautilleu  be  ugirlr  canwlled  by  ihc   buUdini   btKtmtj.'-lllntrtl'* 

Designing  Buildings. 

THE  DESIGN   OF  BUILDINGS:   Being  Elementary  Notes  on 

the  Platiiiing,  Sanll&lion  nnd  OmamentLVe  Formation  orStruclurE^,  based  on  Malm 
Praclics     illustrated  with  Nine  Folding  Plates.    By  W.  WOLOLEV.    Svo,  6i.  cloH. 

Sir  William  Chambers's  Treatise  on  Ciuil  Architecture. 

THE    DECORATIVE    PART    OF    CIVIL     ARCHITECTURE 

By  Sir  William  Chamblk*,  K.R.S.  'With  Portrait,  lUustiatioos,  Note*,  »odu 
Examination  of  Grecian  AnciiiTBCTUiiB,  by  Josrph  Gwilt,  F.S.A.  K^ 
vised  and  Edited  by  W,  H.  Leeds.     66  Plates,  410,  an,  cloth. 

Villa  Architecture. 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE:  Being » 
Series  of  Designs  for  Villa  Residences  in  various  Styles.     With  Outline  Speeiiici- 

tions  and  Estimates.      By   C.   WicKES,     '-•-■—      ■    -•- •    •■'-•--  •'-' ^ 

Towers  o(  England,"  &c,     61  Plates,  410 

Text-Book  for  Architects. 

THE     ARCHITECT'S    GUIDE:     Being  a  Text-book  of  Useful 

Information  for  ArchiteclB,  Enginwrs,  Surveyors,  Contractors,  Clerks  of  Worlutn- 
&c.     By  Fbedekick  Rogers,  Arehiteci,     Third  Edition.    Cr.  Svo,  p.  6d.  cWi 

fiail  a  handier  gr  more  compiele  lillle  volume."'— idtmiHT/. 

Linear  Perspeotiue. 

ARCHITECTURAL  PERSPECTIVE.  The  whole  Coune  sn^i 
flperalions  of  the  Dinughtsmnn  in  Drawing  a  Large  House  in  Linear  Perspecti"^ 
Illustrated  by  4J  Folding  Plates,  By  F.  O.  Ferguson.  Second  Edition,  El- 
la rged.     Svo,  3 J.  6d,  boards. 

"It  u  the  man  JDIelJigible  of  ihe  tieatiEei  on   Mi   illlreiied  lubjei:!  Ihal   I  him  set  allb-"- 
E.  Inckess  Beli..  Ew.  >"  I'uR.I.B.A.Jsuri.'l. 

Architectural  Drawing. 

PRACTICAL  RULES  ON  DRAWING,  for  the  Operatii-c  Boilda 

and  Yuung  Student  in  Archiiecmre.   By  Ueorue  PVSE.     14  Plates,  410,  7(.W,  W*- 

Designing,  Measuring,  and  Valuing. 

MEASURING  AND  VALUING  ARTIFICER'S  WORK  [The 
Siudent's  Guide  to  the  Practice  of).  Containing  Directions  for  lakinE  DiniO' 
sions,  Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with  Tables  ol 
Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas  and  Solidiiir'- 
Originally  edited  by  E.  Dobson,  Architect,  With  Additionj  by  E-  W,  !>■*■*■ 
M,A,     bisth  Edition,    With  8  Plates  and  63  Woodcuts,    Crown  Svo.  7J.  6rf.  eW"' 

arlificen'  wark  thai  hak  yet  been  pitbbshed."-'^*'^!/!;^  ^t-wt. 

Poefiet  fstimator  and  Technical  Quide. 

POCKET  TECHNICAL  GUIDE,  MEASURER,  &  ESTIMATOR 

for  Builders  and  Hurvcyots,  Containing  Technical  Directions  for  Measunng  W"" 
in  all  the  BuildinE  Trades  Complete  Specili  cat  ions  for  Houses,  Roads,  and  DiJav 
and  an  Easy  Method  of  Eslimating  the  parts  of  a  Building  collectively.  Bj  i^^- 
Bkatok.  Eighth  Edition,  Waistcoat- pocket  si^e,  is.  6J.  gilt  edges. 
•■  Nnbuilder,  SKliiiect,  tuTvcyoi.  or  vatuci  ihould  be  wiihoul  hu  ■  Beuon,-  "—SiaUiKt  ■ 
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Constructional  Steel  Work,  &o. 

CONSTRUCTIONAL  IRON  AND  STEEL  WORK.     As  Applied 

to  Public,  Private  and  Domestic  Buildings.     A  Practical  Treatise  for  Architects, 

Students  and  Builders.  By  F.  Campin.    Crown  8vo,  31.  6d,  cloth.  [Just published. 

**  Anyone  who  wants  a  book  on  ironwork,  as  employed  in  buildings  for  stanchions,  columns  and 

beams,  will  find  the  present  volume  to  be  suitable.    The  author  has  had  long  and  varied  experience 

in  designing  this  class  of  work.    The  illustrations  have  the  character  of  working  drawings.    This 

practical  book  may  be  counted  a  most  valuable  work." — British  ArchiUct. 

Bartholomew  and  Rogers'  Speoifications. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE.     A 

Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.  With  an  Essay  on  the 
Structure  and  Science  of  Modem  Buildings.  Upon  the  Basis  of  the  Work  by 
Alfbed  Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly  added  to  by 
Frederick  Rogers,  Architect.    Third  Edition,  Revised .    8vo,  15X.  cloth. 

^  "  The  work  it  too  well  known  to  need  any  recommendauon  from  us.    It  is  one  of  the  books  with 
which  every  young  architect  must  be  equipped." — Architect. 

Construction. 

THE  SCIENCE  OF  BUILDING:  An  Elementary  Treatise  on  the 

Principles  of  Construction.    By  E.  Wyndham  Tarn,  M.A.,  Architect.     Third 
Edition,  Revised  and  Enlarged,  with  59  Engravings.     Fcap.  8vo,  4J-.  cloth. 
*' A  very  valuable  book,  which  we  strongly  recommend  to  all  students.** — Builder. 

House  Building  and  Repairing. 

THE  HOUSE-OWNER'S  ESTIMATOR;  or,  What  will  it  Cost  to 

Build.  Alter,  or  Repair?     A  Price  Book  for  Unprofessional  People,  as  well  as 
the  Architectural  Surveyor  and  Builder.     By  J.  D.  Simon.     Edited  by  F.  T.  W. 
Miller,  A.R.I. B. A.     Fourth  Edition.    Crown  8vo,  y.  6d,  cloth. 
'*  In  two  years  it  will  repay  its  cost  a  hundred  times  oyer.**— Field. 

Building ;  Ciuil  and  Ecclesiastical. 

A  BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including  Church 

Restoration ;  with  the  Theory  of  Domes  and  the  Great   Pyramid,  &c.     By  Sir 
Edmund  Beckett,  Bart.,  LL.D.,  F.R.A.S.  Second  Edit.  Fcap.  8vo,  4J.  6d.  cloth. 
**  A  book  which  is  always  amusing  and  nearly  always  instructive/* — The  Ttmes. 

Sanitary  Houses,  etc. 

THE  SANITARY  ARRANGEMENT  OF  DWELLING  HOUSES : 

A  Handbook  for  Householders  and  Owners  of  Houses.     By  A.  J.  Wallis-Tayler, 
A.M.Inst.  C.E.     With  numerous  Illustrations.     Crown  8 vo,  2s,  6d.  cloth. 
"This  book  will  be  largely  read;   it  will  be  of  coosiderable  service  to  the  public.    It  is  well 
arranged,  easily  read,  and  for  the  mo>t  part  devoid  of  technical  terms." — Lancet, 

Ventilation  of  Buildings. 

VENTILATION.     A  Text-Book  to  the  Practice  of  the  Art  of  Venti- 
lating Buildings.    By  W.  P.  Buchan,  R.P.     i2mo,  4s  cloth. 
"  Contains  a  great  amount  of  useful  practical  information,  as  thoroughly  interesting  as  it  is  techni- 
cally reliable.* **'~ British  Architect. 

The  Art  of  Plumbing, 

PLUMBING.     A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the 
Plumber.     By  W.  P.  Buchan,  R.  P.     Seventh  Edition,  Enlarged.     Crown  8vo, 
31.  6d,  cloth. 
"  A  text  book  which  may  be  safely  put  in  the  hands  of  every  young  plumber."— £M»/<f«r. 

Oeometry  for  the  Architect,  Engineer,  &c. 

PRACTICAL    GEOMETRY,    for    the   Architect,    Engineer,    and 

Mechanic.     Giving  Rules  for  the  Delineation  and  Application  of  various  Geometrical 
Lines,  Figures,  and  Curves.     By  E.  W.  Tarn,  M.A.,  Architect.     8vo,  9J.  cloth. 
'*  No  book  with  the  same  objects  m  view  has  ever  been  published  in  which  the  clearness  of  the  rules 
iaid  down  and  the  illustrative  diagrams  have  been  so  satisfactory." — Scotsman. 

The  Science  of  Oeometry. 

THE  GEOMETRY  OF  COMPASSES;  or,  Problems  Resolved  by 

the  mere  Description  of  Circles,  and  the  use  of  Coloured  Diagrams  and  Symbols. 
Bjr  OUVER  Byrne.     Coloured  Plates.     Crown  8vo,  ys,  6d,  cloth. 


CFOSBV  LOCKWOOD   ^  SONS  CATALOGUE 
CARPENTRY,  TIMBER,  etc. 


I 


Tredgold's  Carpentry,  Revised  and  Enlarged  by  Tarn. 

THE    ELEMENTARY    PRINCIPLES    OF    CARPENTRY 

Treatise  on  the  Pressate  and  Eiiuilibriam  of  Timber  Fmniing,  the  RcMsUnn  ol 
Timber,  and  ihe  Consiruction  of  Floors,  Arches,  Bridges,  Roofs,  Uniting  Iranud 
Stone  with  Timber,  &c.  To  which  is  added  on  Essay  on  the  Kilutc  ud  Fid- 
peilies  of  Timber,  ic,  with  Descriptions  of  the  kinds  of  Wood  lUed  in  BBiWatl 
also  numeroai  Tables  of  Ihe  Scanitings  of  Timber  for  dilferent  purposei,  llie  Spcoie 
Uraviiiea  of  Materials,  &c.  By  Thomas  Tbewjold.  C.E,  With  ui  Appe«b 
of  Specimens  of  Various  Koofs  of  Iron  and  Stone,  IllQslrated.  Seventh  Editiaa. 
thoroughlv  Revised  and  considerably  Enlarged  by  E.  Wvndham  Tabn,  U.A., 
Author  of  "  The  Science  of  BuUdin^."  &c.  Willi  6t  Plates,  Portrait  of  the  Amhot. 
and  several  Woodcuts.     In  One  la^c  Vol.,  410,  ap.  cloth. 

1;  Oiight  10  ht  in  every  archlKcl".  and  t«ry  builder',  library.  "-*«/'£/«-. 
The  aiiihof'i  prindplM  lire  raiher  couBimcd  tbau  impaiied  by  lime.    The  sJJilionilplilet  art  of  Ii« 

Woodworking  Machinery, 

WOODWORKINQ  MACHINERY:   Its  Rise,  Progress,  and  Coo- 

sinictioH.  With  Hints  on  the  Management  of  Saw  Mills  and  the  Econonuol  Cot- 
version  of  Timber.  Ill uilrated  with  Examples  of  Recent  Designs  by  lesidine  EnriUii 
French,  and  American  Engineers.  By  ^l.  Powis  Bale,  A.M.Inst.C.£.,H.L)iL 
Second  Edition,  Revised,  with  large  Additions,  large  crown  Svo,  440  pp.,  9*.  doA. 
"  Mr.  Bale  it  evidcnily  an  eipcn  on  the  lubjecl,  iikI  be  hai  coUecled  »  mucfa  infbioutiM  iWHl 
booli  i>  iH-Hiflieicnl  far  buitdert  and oihcn ennceit  in  Ih'  cannction  olMmbei." — ArcUlttl. 

"  The  nioM  canprehenoive  campendluia  al  woad-natkinE  machinery  ve  have  leeo.    The*nbora> 
Uiorouiih  Duiter  of  bii  lubjecl."— ^xiVi^i^if  .Vrui. 

Sam  amia. 

SAW  MILLS:  Their  Arrangement  and  Management,  aod  tie 
Economical  Conversion  of  Timber.  (A  Companion  Volume  lo  ■' WoodwockiBl 
Machinery.")  By  M,  Powis  Bale,  A.M.lnst.C.E.  Second  Ediiioo.  Reviiri. 
Crown  Svo,  loi.  td.  cloth.  [Jail fiMiiiil 

"  The  admiHislmliiiit  of  a  large  uwing  esUhliahawnt  li  ditcuoed,  aad  Ifaeiubj^fT  eununed  ba  • 
fjnanciai  UaDdpgint.   Hence ibenie.  thape,  order, and  diipoiition Druwniilli  and  (he  bbe an gn" <•" 

Hichoison's  Carpentry. 

THE  CARPENTER'S  NEW  GUIDE;  or.  Book  of  Lines  for  Cw- 

penlers  ;  compriiingall  the  Elcmenlary  Prmciples  essential  foracquiringaknOwWjt 
of  Carpentry,  bounded  on  the  Uie  I'arEfi  Nicholson's  standard  woric.  A  Ne» 
Edition,  Revised  by  Akthi'r  Ashpitbi.,  F.S.A.  Together  with  Practical  Rula 
on  Drawing,  by  Geokub  rv.-JH.      Wilh  74  Plates,  410,  /l  is.  cloth. 

Handralling  and  Stalrbuilding. 

A  PRACTICAL  TREATISE  ON  HANDRAILING :  Showing 
New  and  Simple  MethcN^s  for  Eioding  the  Pitch  of  the  Plank,  Drawing  the  Moolili. 
Bevelling,  lointing-up,  and  Squaring  the  Wreath.  By  Gbohi.b  COLtlSt»> 
Second  Edition,  Revised  and  Enlarged,  to  which  is  added  A  TllSATlSE  o.S  Stai>- 
BUlLTilNa.    With  Platen;  and  Diagrams.    lamo,  ii.  6,1.  cloth. 

■■  W.ll  be  found  Qfpneiical  utility  in  [he  eieeuiion  of  thii  difficult  branch  of  ioiacry."— ^WUir. 

■■AlauMt  every  (lilBculIDhaMoI_lhii>oine>rhatmincatehraach  of  joinery  IS  einiidaud  ifHit* 

Circular  Worli. 

CIRCULAR    WORK    IN    CARPENTRY    AND    JOINERY:    A 

I'ractical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.  By  GloC'' 
CoLLCHfis.     With  Diagrams.    Second  Edilion.  i2mo,  zi.  W,  cloth. 

"  An  eacellenl  example  ol  whm  a  book  of  Ihii  kind  .hould  Oe.    Cheap  in  i«ice,  elear  in  iletaiM* 
and  practical  inlh<eiiHDpl«u\ecte&."— ^biM*!-. 


Haintrailing. 

HANDRAILINO  COMPLETE  IN  EIGHT  LESSONS.     On  the 

Squiire-Ciil  Svitem,      By  J    S.  GoldthoeI',  Teacher  ot  Gcomelry  and  Buildine 

Coostniction  m  the  HaMx  Mechanic's  I—- ..■.,.  f^_,..  „,_. .    ._j   ..._..   ... 

Practici]  Exercises.    410,  y.  td.  doih. 

Timber  Merchant's  Companion. 

TIMBER    MERCHANT-S     and    BUILDER'S    COMPANION. 

Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Measuremcnl 
of  Deals  and  Baltens,  of  all  sites,  from  One  to  a  Thousand  Pieces,  and  the  relative 
Price  that  each  siie  bears  per  Lineal  Foot  10  any  given  Price  per  Petcrsburgh 
Standard  Hundred  ;  lh<  Price  per  Cube  Fool  of  Square  Timber  to  any  given  Price 
per  Lo&d  of  50  Feet  ;  the  ptopoilionate  Value  of  Deals  and  Baltens  by  the  Standsid, 
to  Square  Timber  by  the  Load  of  50  Feet ;  the  readiest  mode  of  ascertaining 
the  Price  of  Scantling  per  Lineal  Foot  of  any  size,  to  any  given  Figure  per  Cube 
Foot,  &c.  &c  By  William  Dowsing.  Fourth  Edition,  Revised  and  Canceled. 
Crown  Svo,  31.  cloth. 
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Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT:  BeLng  a  Guide  for 
Ibe  use  of  Budding  Coutraclors,  Ejurveyori,  Builders,  &c.,  comprising  useful  Tables 
/or  ail  purposes  connected  with  the  Titnbct  Trade,  Marks  of  Wood,  Essay  on  the 
Strength  of  Titnber,  Remarks  on  the  Growlh  of  Timber,  &c.  By  W,  Richaku- 
SOH.     Second  Edition.     Fcap.  8vo,  31.  6d.  cloth. 

l>n««vin<I>U«^^7c'nn°c^udv[tb^h>g'rowih.ulc.aDdiDanurKIur^ 

PackingCasB  Makers,  Tables  for. 

PACKINO-CASE    TABLES;    showing  the  number  of  Superficial 

Feet  in  Boxes  or  Packing- Cases,  fiora  six  inches  square  and  upwards.     By  W. 
Richardson,  Timber  Broker,     Third  Edition,     Oblong  410,  31.  (xl.  cloth. 
"  lavaliuble  l<ibour.uvin«»bI«."— /'VHWUCV'.  "  Will  laVE  mucfa  labour  and  calculaiioci.'-— CrKrr 

Superficial  Measurement. 

TRADESMAN'S  GUIDE  to  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from  i  to  100  inches  in  length,  by  1  to  108  inches  in  btciJih. 
For  the  use  of  Architects.  Surveyors,  Engineers,  Timber  Merchants,  Builder^,  &c. 
By  James  Hawkings.      Fourth  Edition,     Fcap,,  3J.  6J.  cloth. 
"AiuefuleoMection  of  ublei  10  &criit.iK  rapid  caJculMioo  of  surface*.    Tb.  luel  .re.  of  sny 

''f^'tiblei'^uV  fD^d  nf^n  "uil°uacau'all  oha  require  Ea'make  calculaliani  in  tupciEcJil 
BiuuRtiuoc."— £>uA>,(  H,e**Hic. 

r  fanatry. 

B    THE  ELEMENTS  OF  FORESTRY.     Designed  to  afford  Infor- 

^E       mation  concerning  the  Planting  and  Care  of  Forest  Trees  (or  Ornament  or  Profit, 
^F      with  suggestions  upon  the   Lirealion  and   Care  of  Woodlands.      By  F,  B.  HotJGH, 

*        Large  crown  8vo,  101.  cloth. 
Timber  importer's  Guide. 

THE  TIMBER    IMPORTERS,  TIMBER    MERCHANTS,    and 


Builder's  Standard  Uuide.     By  RicHAi 


L  of  Deal  Sta 

I  Amngemen-  .—  „  -  -.  — 

|<iaclndine  all  inlennediate  Eipenies,  Freight,  Ii 
eoplon*  Information  for  the  Retailer  and  Builder.     Third  £ 


n'.     Comprising  : — An  Analyii! 
icith  Comparative  Values  and  Tabular 


and  For    „   , 

t  Landed  Cost  on  Baltic  and  North  American  Deals, 


-oai  a  form  coa  tr««D*il,aE\d  Ihroi 


CROSBY  LOCKWOOD  &■  SOTf'S  CATALOGUE. 

DECORATIVS  ARTS,  etc. 

Woods  and  Marbles,  Imitation  of, 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF  WOODS 

AND    MARBLES,  as  Taught  flnd    Practised   by    A.    R.   Van  DEB  BuiW  md 
P.  Van  duk  Buro,  Diicciotsot  the  Rotterdam  Paiming  Initiiuiion.     Ki>7»lfoli0i 
bj;  lai  in.,  inu5tnHed  with  24ruU-5Lic  Coloured  Plates;  also  12  pliinPlim 
prising  154  Figures.     Second  and  Cheaper  Ediiion.     Piice^i  iij'.  id. 


Eiiuki  OrtUTioi 


,    1;.    BlKD's-BVE    Miplk; 


EuLiiit     Stub  in 
-«,  13.  H.  Smiu  yiiiltl 

FULIHIHAIV  ST*«»**> 

-as.  a«,  37-  ]o»i««  W«"i 


f»I.     PuUHBUrt 


"  A  eomprthemut  guid* 
It  of  th«  colouTB,  ^bA  ifae  t 
s  at  irukinl  bis  *Drk  a  TaLi 


ulaUgQwdMiy 
EioltiefliulcuA* 


House  Decoration. 

ELEMENTARY  DECORATION:  A  Guide  to  the  Simpler  Fon" 
of  Everyday  An.  Together  with  PRACTICAL  HOUSE  DECORATIOS.  »r 
Jamks   W.   Facet,     With  numetaus  lllustiationi,       In  One  VoL,   Jf.  IqWT 

ball- bound, 

Houae-Painting,  Graining,  etc. 

HOUSE-PAINTING.    GRAINING.     MARBLING.    AND   SlflN 

WRlTiNQ,  A  Practical  Manual  of.  By  ELLrs  A.  DAVjnsON.  Seventh  fditii*. 
With  Coloured  Plates  and  Wood  Engravings,     izmo,  6r.  cloth  boards. 

Decorators,  Receipts  for. 

THE  DECORATOR'3  ASSISTANT :  A  Modem  Guide  for  Decora- 

live  Artists  and  Amateurs,  Painters,  Writers,  Uilders,  &c.  Containing  upmrdi  ■ 
600  Receipts,  Rules  and  Instructions  ;  with  a  variety  of  Information  (or  GatO"! 
Work  connected  with  every  Class  of  Interior  and  Exterior  Decorations,  te'i 
Sixth  Edition.     15Z  pp.,  crown  8vo,  1/.  in  wrapper. 

'■  Full  of  rcqtipli  ofTnlBa  lortecocalon,  painters,  eildcr.,  &c.  The  hooli  canUini  111.  „n\Dt\tm 
treiuKsan  colautand  icchucal  procmu.  h  would  £k  difficult  to  meet  wiih  iiwDck  ta  full  otnn" 
iiiformalioii  oa  Lhc  paiQIer'i  aii."—B4iil4i»i  .Vnui. 

British  and  Foreign  Ufarbles. 

MARBLE    DECORATION   and  the  Terminology  of  British  aoil 

Foreign    Marbles.     A    Handbook    for    Students.       By  GEOKr.S    H,    BLAOdOrti 
Author  of  "Shoring  and iis  Application,"  Ac.    With  j8  I llusirations.    CromW'' 
31,  6J.  cloth. 
"This  mcKi  usrful  and  mucb  wanted  handbook  abould  be  in  the  handi  of  cvoiy  uchiuci •*< 


"A  carefully  and  uieddlym 


! ;  tbe  work  is  eiHnlltlly  praclleal."— 5csliiMa. 


DECORATIVE  ARTS,   drv.  31 


zLAMOHE'S  WORKS  ON  ILLUMINATION  AND  ALPHABETS. 
tlMER  OF  THE  ART  OF  ILLUMINATION,  for  the  Use  of 

pinners ;  with  a  Rudimentary  Treatise  on  the  An,  Practical  Directions  for  its 
ercise,  and  Examples  taken  from  Illuminated  MSS.,  printed  in  Gold  and  Colours. 
F.  Delamotte.   New  and  Cheaper  Edition.    Small  4to,  dr.  ornamental  boards. 

te  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense,  the 
looses  from  collections  accessible  to  all«  are  selected  with  judgment  and  knowledge,  as  well  at 
Ath^tututH. 

VMENTAL  ALPHABETS,  Ancient  and  Mediaeval,  from  the  Eighth 
Qtury,  with  Numerals ;  including  Gothic,  Church-Text,  large  and  small,  German, 
lian,  Arabesque,  Initials  for  Illumination,  Monograms,  Crosses,  &c.  &c.,  for  the 
:  of  Architectural  and  Engineering  Draughtsmen,  Missal  Painters,  Masons, 
corative  Painters.  Lithographers,  Engravers,  Carvers,  &c.  &c.  Collected  and 
graved  by  F.  Delamotte,  and  print^  in  Colours.  New  and  Cheaper  Edition, 
yal  8vo,  oblong,  2J.  td.  ornamental  boards.  |  ][ 

r  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends  over  shop- 
lio  letter  church  walls  with  pithy  sentences  from  the  Decalogue,  tnis  book  will  be  useful."— 


Caruing. 

4STRUCTI0NS    IN   WOOD-CARVING   FOR  AMATEURS; 

:h  Hints  on  Design.     By  A  Lady.     With  Ten  Plates.     New  and  Cheaper  Edi- 
Q.     Crown  8vo,  zs,  in  emblematic  wrapper. 

e  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  Icamt  from  'A  Lady*t 
on." — A  th€futftm. 

'ng,  Fine  Art, 

\INTING    POPULARLY   EXPLAINED.      By  Thomas  John 

JLLICK,    Painter,  and  John  Timbs,   F.S.A.     Including  Fresco,  Oil,  Mosaic, 
Iter  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature,  Painting  on  Ivory, 
Hum,  Pottery,  Enamel,  Glass,  &c.     Fifth  Edition.     Crown  8vo,  5J.  cloth. 
*.*  Adopted  as  a  Prize  book  at  South  Kensington, 

icb  may  be  learned,  even  by  those  who  fancy  they  do  not  reotiire  to  be  taught,  from  the  care- 
lal  of  this  unpretending  but  comprehensive  treatise."— i4rf  Journal. 


pi .. 


^PLES  OF  MODERN   ALPHABETS,  Plain  and  Ornamental, 

luding  German,  Old  ElngUsh,  Saxon,  Italic,  Perspective,  Greek,  Hebrew,  Court 
md.  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque ;  with  several 
iginal  Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alphabets,  large 
1  small,  and  Numerals,  for  the  use  of  Draughtsmen,  Surveyors,  Masons,  Decora* 
e  Painters,  Lithographers,  Engravers,  Carvers,  &c.     Collected  and  Engraved  by  jp 

Delamotte,  and  printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo, 
long,  2J.  dd.  ornamental  boards. 

lereis  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet  and  numerals  can 
d,  and  the  talent  which  has  been  expended  in  the  conception  of  the  various  plain  and  ornamental 
wonderful."— ^/aWar</. 

liCVAL  ALPHABETS  &  INITIALS  FOR  ILLUMINATORS. 

F.  G.  Delamotte.  Containing  21  Plates  and  Illuminated  Title,  printed  in 
Id  and  Colours.  With  an  Introduction  by  J.  Willis  Brooks.  Fourth  and 
eaper  Edition.     Small  410,  4^.  ornamental  boards. 

irolume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and  all  the  colours  of 
i  interwoven  and  intertwined  and  intermingled.'* — Sun, 

EMBROIDERER'S  BOOK  OF  DESIGN.     Containing  Initials, 

iblems.  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical  Devices, 
xliaeval  and  Modem  Alphabets,  and  National  Emblems.  Collected  by  F.  Dela- 
iTTE,  and  printed  in  Colours.     Oblong  royal  8vo,  \s.  6d.  ornamental  wrapper. 

e  book  will  be  of  great  assistance  to  ladies  and  young  children  who  are  endowed  with  the  art  of 
e  needle  in  this  most  ornamenul  and  useful  pretty  work." — East  Anglian  Tinus. 


32  CROSBY  LOCA'tVOOD  &•  SO.VS  CATALOGUE. 

NATURAL  SCIENCE,  etc. 

The  Heauens  and  their  Origin. 

THE  VISIBLE  UNIVERSE:  Chapters  on  the  Origin  and Cor^  I 
slnictlonol  the  Heavens.  By  J.  E.  Gore,  F.R.A.a.  Auihor  of  "SurOtiw*'  f 
Ice     Illiulrated  by  6  Stellai  Pbotographa  and  ii  PUles.      Demr  Svo,  i&i.^ 

"  A  vmluableand  lucid  lumnurr  of  recent  umaamical  iheonr.  tendered  mote  ™lu»ble»H'  

by  a  Uriel  afHelliit  phousiiphi  and  Dlhcr  illuilnliosi,"— TAr  TYuiri.  _ 

"In  pR»«uiDi>  dear  and  cQDcUe  iccdiui  nf  Ibe  piuenL  tuw  af  our  kiu.led«t.Ut.Gwte  1 

■nade  >  Tilunble  uldluaii  to  iha  lianture  of  the  iiibiecL"-.A^«/«™.  *  ■ 

-'  Mr.  Corc'i '  Viiible  Univine '  i>  one  or  Ihe  fisul  »otki  on  •unwamlcal  Kien 
■  ppeared  io  our  lanEuaffe.  la  ipirit  and  in  method  it  a  scientific  from  cover  to  eovi 
cleu-aiid  HtLracdve  tbaiit  ivill  be  u  Ac^«ptatile  and  ajretdeble  to  tbc4e  who  make  no  KienDMpi^ 

The  Con$tellationa. 

STAR  GROUPS:  A  Student's  Guide  to  the  Constellations.  BjJ, 
Ellabj)  Gore,  F.R.A.S,.  M.R.I.A.,  &<:.,  Author  of  '"The  Visible  UniiCK,' 
"The  Scenery  of  the  Heavens."&c.  With  30  Maps.  Small  dto.  51.  doib- 
-'The  nluffle  i:oDuia>  thirty  D.>pi  .bowing  tun  of  ibe  lixth  nuEniiude-ihe  uBisl  nakaiefeUl 
-.-mod  each  i>  accompanied  by  a  brief  commeDiAty,  adapted  lo  fadliialc  recoptDilmn  and  tni^  la  iVb 
objecliof  ipqcial  intere«i.    For  tZie  purpoie  of  a  preliminary  nirvey  of  the  'midnight  pomp'  flf  tte 

area,  and  iacludjng  Dothjng  that  cannot  a1  once  be  identified/'— 5a /Mrnte^  Rrpifto. 

Astronomical  Terms. 

AN    ASTRONOMICAL    GLOSSARY;    or.  Dictionary  of  Tenw 

lued  in  Asttonomy.  With  Tables  of  Data  and  Li>ts  of  Rcmsritable  and  IdUrsd^ 
Celestial  Objects.  By  J.  Ellard  Uoke,  F.R.A.S.,  Author  of  "The  """- 
Universe,"  Ac.     Small  crown  Svo,  21.  bd.  doth. 

"  A  vary  handy  booli  ...  the  utility  of  vhich  ii  niicb  incceaied  by  it>  valuaUe  iibla 

The  microscope. 

THE  MICROSCOPE:  Its  Construction  and  Management.  Including 

Tccbtiique,  I' hota- micrography,  and  the  Past  and  Futute  of  the  Microscope-  Ef 
Dr.  Henri  van  HkuRCK,  Kc-Ediled  and  Augmented  from  the  Fourth  Fundi 
Edition,  and  Translated  by  Wvmnb  E.  Baxter,  F.G.S.  400  pagci,  with  upttuJl 
of  350  Woodcuts,  imp.  Svo,  iSf.,  doih, 

"A  ttansUtion  of  a  wclJ-knoi™  work,  ai  once  popular  and  comoreheniive."— J 

■'  The  ttanilalion  is  as  fEticltoui  ■>  it  U  accurate."— Naiox. 

The  Microscope- 

PHOTO-MICROQRAPHV.     By  Dr.  H.  van  Heurck.     Exlracwd 

from  the  ab'jve  Work.     Ruyal  Svo,  with  I Uusl rations,  is.  lewed. 

Aatronomy. 

ASTRONOMY.  By  the  late  Rev.  Robert  Main,  M.A..F.R.S.  Thiid 
Edition,  Revised  by  William  Thvnne  Lynn,  B. A.,  F.R.A.S,,  fonnecif  of  tl" 
Royal  Observatory.  Greenwich.     I2n)0,  3S.  clolh. 

"Acfl^Mle^ybrall^Kt°do»lllothc^cqulte^lenL^ol^hBp^MnlllnMWM^I-yl>n■"— £»V«(»^n^ 

Recent  and  Fossil  Shells. 

A  MANUAL  OF  THE  M0LLU5CA  :  Being  a  Treatise  on  ReMOi 

and  Fossil  Shells.  By  S.  P.  Woodwako.  A.L.S.,  F.G.S.  With  an  AppemJUBo 
Recent  and  Fossil  Concuological  Discoveries  by  Ralph  Tatr,  A.LS-. 
F.G.S.  With  23  Plates  and  upwards  of  300  Woodcuts.  Reprint  of  Fovlb 
Edition  (18S0).     Crown  Svo,  is.  e,i.  cloth. 

Geology  and  Genesis, 

THE  TWIN  RECORDS  OF  CREATION  ;  or  Geology  and  Cntss, 
their  Perfect  Harinonyand  Wonderful  Concord.   By  G.  W.  V.  lbVaI'X.  Svo,  51. '' 

menli  of'thos'e  wh™I."u1d'°K'V.od-rWotlu  Vgainsi  God°/wotd.'™o""Zffieull]Mjihitkot 
wpliisiry  ii  Icfiuiieipoied."— 7*«  Xci:*. 
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HANDBOOK  OF  MECHANICS.     By   Dr.   Lardner.    Enlarged 

and  re- written  by  Benjamin  Loewy,  F.K.A.S.    378  lUusts.     Post  8vo,  dr.  cloth. 

^  "The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had  become  obsolete  have 
■HfcB  replaced  by  others  of  more  modem  character.  The  explanations  throughout  are  studiously  popular, 
^icare  has  been  taken  to  show  the  application  of  the  various  branches  of  physics  to  the  industrial  arts, 
■■a  to  the  practical  business  of  \\i^.'*^— Mining  Joitrtial, 

^f/droatatica,  &c. 

HANDBOOK  OF  HYDROSTATICS  AND*  PNEUMATICS.   By 

Dr.   Lardnkk.      New  Edition,   Revised   and   Enlarged  by   Benjamin    Loewy, 
F.R.A.S.     With  236  Illustrations.     Post  8vo,  5^.  cloiii. 
**For  those  *who  desire  to  attain  an  accurate  knowledge  of  pnysical  science  without  the  profound 
Bkcthods  of  mathematical  investigation,'  this  work  is  well  adapted."— CAr«iVa/A^«w. 

Heat. 

HANDBOOK  OF  HEAT.    By  Dr.  Lardner.  Edited  and  re-written 
by  Benjamin  Loewy,  F.R.A.S.,  &c.     117  Illustraiions.     Post  8vo,  6s.  cloth. 

"'Hie  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving  any  cloudiness  or 
iBlkiBg  douDts  behmd." — Eugifteering. 

Optios. 

HANDBOOK  OF  OPTICS.      By  Dr.  Lardner.      New  Edition. 

Edited  by  T.  Olver  Harding,  B.A.  Lond.     With  298  Illustrations.     Small  8vo, 

448  pages,  5^.  cloth. 

'*  Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately  illustrated.** 
^MtchiutWs  Magazine. 

Electrioity,  &c. 

HANDBOOK  OF  ELECTRICITY,  MAGNETISM,  and  Acoustics. 

By  Dr.  Lardner.     Edited  by  Geo.  Carey  Foster,  B.A.,  F.C.S.     With  400 

Illustrations.     Small  8vo,  5^.  cloth. 
^  "The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the  terse  and 
ncid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his  wofk  to  the  present  state  of 
icililific  knowledge." — Popular  Science  Revinv, 

Astronomy. 

HANDBOOK  OF  ASTRONOMY.      By   Dr.    Lardner.    Fourth 

Edition.     Revised  and  Edited  by  Edwin  Dunkin,  F.R.A.S.,  Royal  Observatory^ 
Greenwich.  With  38  Plates  and  upwards  of  100  Woodcuts.  8vo,  gs.  6d,  cloth. 
'*  Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and  well- 
imtnged  a  form — certainly  none  at  the  price  at  which  this  is  offered  to  the  public." — Athenmum. 

**  We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astronomy,  and  we 
ttrongl^  recommend  it  to  all  who  wish  to  acquire  a  general — but  at  the  same  time  correct— acquaintance 
irith  thu  sublime  science."— ^i*ar/*r/ji»  Journal 0/ Science. 

Gyclopcadia  of  Science. 

MUSEUM  OF  SCIENCE  AND  ART.     Edited  by  Dr.  Lardner. 

With  upwards  of  1,200  Engravings  on  Wood.     In  Six   Double  Volumes,  £1  is.  in 
a  new  and  elegant  cloth  binding  ;  or  handsomely  bound  \a  half-morocco,  31J.  6^. 
*'  A  cheap  and  interesting  publication,  alike  informing  and  attractive.    The  papers  combine  sub- 
jects of  importance  and  great  scientiiic  knowledge,  considerable  induciivc  powers,  and  a  popular 
tlyle  of  treatment."— vi>rr/.//^. 

Separate  books  formed  from  the  above. 


Common  Things  Explained,    fx. 
The  Microscope.    2s.  cloth. 
Popular  Qeology.    2s.  6d.  cloth. 
Popular  Physics.    2s.  td.  cloth. 


Steam  and  its  Uses.    2s,  cloth. 
Popular  Astronomy.    4.%  6d.  cloth. 
The  Bee  and  White  Ants.   2s.  cloth. 
The  Electric  Telegraph,    is.  6d. 


NATURAL  PHILOSOPHY  FOR  SCHOOLS.     By  Dr.  Lardner. 

Fcap.  8vo,  3J.  6d. 
"A  very  convenient  class-book  for  junior  students  in  ^t\\sAesc\iOo\t."—BritishQuarterly  Review.. 

ANIMAL  PHYSIOLOGY  FOR   SCHOOLS.     By  Dr.  Lardner. 

Fcap.  8vo,  3J.  6d. 
••  Clearly  written,  well  arranged,  and  excellently  illustrated."— Car</(f«^r'f  Chronicle, 

THE  ELECTRIC  TELEGRAPH.      By  Dr.  Lardner.     Revised 

by  E.  B.  Bright,  F.R.A.S.     Fcap.  8vo,  2s.  6d.  cloth. 
**Oae  of  the  most  readable  books  extant  on  the  Electric  Telegraph."— £'ff^//xA  Meckanic. 

C 


CHOSBY  LOCA'iyOOD  6r-  SONS  CATALOGUE. 
CHEMICAL  MANUFACTURES,  CHEMISTRY,  etc. 


WATER  AND   ITS   PURIFICATION.      A  Handbook  for  the  I'se 

or  Local  Antborities.  Sanitary  Ofiiccra,  and  oihers  inleie^ted  in  Water  Sapplv.  If 
Samuel  RiDEAL,  D.Sc.  Lond,,  f.l.C.  With  numerous  Illuitrations  and  T»lilo. 
Ccown  Svo,  ^s.  bd.  dolh.  [JusI puilM. 

Chemistry  for  Engineers,  etc. 

ENGINEERING  CHEM15TRV:  A  Practical  Treatise  for  the  Use  of 

Analytical  Chemists,  Engineers,  Iron  Masters,  Iron  Founders,  iitudents  andotlim 
Comprising  Methods  of  Analysis  and  Valuation  o!  the  Principal  MMerials  awd  ii 
Enjjineering  Work,  with  numerous  Analyses.  EiLAtnples  and  Suggestions.  BfH, 
Joshua  Phillips,  F.l.C,  F.C.fS,,  Formerly  Analytical  and  ConsultiM  Cbeoiil 
lo  the  Great  Easleni  Railway,  Second  Edition,  Revised  and  Enlarj^ea.  Cnm 
8va,  400  pp.,  wiLh  lUoslrations,  t&r.  64/.  cloth. 
"In  ihii  worli ihe »ulhor hH  repdcnd  no  in»1i  icnUe  In  ■  mimirou!  baif  b( pnctiai  men.  .  - 
The  ■nalycicil  msihadi  nuy  be  pronounced  moil  utufiLury,  beiDg  ai  iccutate  m  cbe  flMtWHt  nqDln 

"Tbose^  tearchofahuidy  tiealiie  on  tbe'inbiecl  of  analytical  cbcmistrr  a>  applMlsltl 

'i^e  book  wilJ  be  vsry  UBefal  to  thoie  who  require  a  bandy  and  condae  ttiwmi  at  apininl 

methodi  of  analyiing  and  valulnK  meuli,  oils.  (ueli.  &D.    It  It.  Id  (ict.  a  work  for  r' = —  -  —''• 

laihsronUneoribeeriglneerinilaboraiory.  .  ,  .  Tbe  book  U  full  of  good  iblngg. 
tecbnical  analtnii.  it  ia  nry  welaime."—BMildtr. 

"The lUialylleal  method* mven  are. aia  whole,  lach  ai  are  likerir  to  niverapiaaaotnmwww 
le^utit  in  eiiHrienced  hands.  .  .  .  Tliers  1>  much  eicsllCDi  deset'piive  miirer  io  the  w«t,  im 
chapter  on  ■  Oili  aad  Lubrication '  being  ipeclally  noiiceabla  in  thii  reipeci."— SNfJnMr. 

f/ttro-Explosives. 

NITR0-EXPL05IVE5.      A   Practical  Treatise  concerning  the 

Piopenies,  MfiLiufacture,  and  Analysis  of  Nitrated  Substance*,  includitlg  the  Fnl' 

minates,   Smokclcjs  Powders  and  Celluloid.     By  P.  Gerald  Sanford,  F.l.C- 

Consulting  Chemist  to  the  Cotton   Powder  Company,  Limited,  &c.     With  Illu*' 

irations.     Crovm  Svo,  gi.  cloth.  [yml  fuUuid 

"  Anyone  having  the  requisite  appantuc  and  materials  could  make  nllnmlycerioe  or  fw"*"'- 

losayuothlDg  of  other  eiploslven,  by  the  aid  of  ihe  Instruclloni  conlsineil  in  thli  volume.  Tlw,* 

one  ol  the  very  feo  leil-bDoki  in  which  can  be  found  iusi  what  li  wanud.  Mr.  Saorard  tauiUi'l^ 

ibiDuiih  the  whole  list  of  eiploaivea  Boninionly  used,  ha  names  any  given  eiploilve  and  lelb  W" 

wbatli  ii  composed  and  how  It  li  manufuiinrrd.  The  book  i>  encellenl  ihmuhout."— 7^  Jr«(iH'* 


■■A  gooil  iiraigblibrward 

ucouaiDiea  wiui  ine^  ..^J^™ 
o'StthlV"'""""  "'  '"'"°""*        " 


iklng  himself  acquainted  with  the  Biinuilai  of  the  manufieiorB  ofttieK  uiiloiln 
-■-  ■■ '-■■--  ' ' — ' ■ — "-"•'-  '—1—  -1,11  tendeii  his  book  a  n 


reftccti  Ihe  hlgbeEi  credlL  on  tbe  aatbotr—CniiiiTy  Oitani.aH. 

Explosives. 

A  HANDBOOK  ON  MODERN  EXPLOSIVES.  A  Practical 
Treali.-e  on  the  Manufacture  and  Use  of  Dynamite,  Gun-Cotlon.  Kitro-Gtyceiipc 
and  other  Explosive  Compounds,  includine  Collodion- Cot  ton.  With  Chaplm  •>" 
Explosives  in  Practical  Application.  By  M.  Eisslkb,  Mining  Engineer  "rf 
Hetallurgica]  Chemist,  Author  of  "The  Melalluniy  of  Gold,"  -The  Metftlla^ 
of  Silver,"  &c  Setxind  Edition,  ICnlarued.  With  ijo  Illustrations.  Cioirn 
Svo,  131.  6J.  cloth.  [Jusl  fuiliikii. 

-Utefilluolonly  to  the  miner,  but  siso  to  officers  of  both  aervices  to  whom  hUstingaodAl 

utc  of  eiploslves  gBnsrally  may  at  any  lime  become  a  necesiary  luiilltry."— Naliiif, 

'■A  veritable  mmecfiniormalion  on  the  subjaci  of  exploBives  employed  (or  military,  miniBf  ui< 

Explosives  and  Dangerous  Goods. 

DANGEROUS  GOODS :  Their  Sources  and  Properties,  Modes  o£ 

Storage  and  Transport.  With  Nolei  and  Commetiis  on  Accidents  arising  tbt"- 
from,  together  with  the  Government  and  Railway  Classifications.  Acts  of  Paili>- 
menl,  &c.  A  Guide  for  the  Use  of  Government  and  Railway  Officii,  SleamshiP 
Owners,  Insurance  Companies  and  Manufacturers  and  Users  of  ExplOBves  uw 
Daaieerous  (riiods.  By  H.  Joshua  Phillips,  F.l.C,  F.C.S.,  Author  of  "£"■ 
gineering,  Chctnisuy,"  &c.     Crown  Svo,  374  pages,  qs.  cloih, 
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e  Alkali  Trade,  Manufacture  of  Sulphurio  Aoid,  Ac. 

A  MANUAL  OF  THE  ALKALI  TRADE,  including  the  Manu- 
facture of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching  Powder.  By  John 
LoMAS,  Alkali  Manufacturer,  Newcastle-upon-Tyne  and  London.  With  232  Illus- 
trations and  Working  Drawings,  and  containing  390  pages  ofText.   Second  £dition, 

with  Additions.    Super-royal  8vo,  £1  lor.  doth. 
"This  book  is  written  by  a  manufacturer  for  manufacturers.    The  working  details  of  the  most  ap- 
red  forms  of  apparatus  are  given,  and  these  are  accompanied  by  no  less  than  239  wood  engravings,  all 
rhich  may  be  used  for  the  purposes  of  construction.     Every  step  in  the  manufitcture  u  very  fully 
Tibed  in  this  manual,  and  each  improvement  explained." — Athtnetum, 

**  We  nnd  not  merely  a  sound  and  luminous  explanation  of  the  chemical  prinaples  of  the  trade,  but  a 
ce  of  numerous  matters  which  have  a  most  important  bearing  on  the  successful  conduct  of  alftali  works, 
which  are  generally  overlooked  by  even  experienced  technological  authors.**— C^w/ra/J^fviVtv. 

e  Blowpipe, 

THE     BLOWPIPE     IN    CHEMISTRY,    MINERALOGY,    and 

Geology.  Containing  all  known  Methods  of  Anhydrous  Analysis,  many  Work- 
ing Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut. -Colonel  W.  A. 
Ross,  R.A.,  F.G.S.    With  120  Illustrations.     Second  Edition,  Enlarged.    Crown 

8vo,  $s,  cloth. 
"  The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down  will 
1  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  '  got  up  '  any  of  the  best 
^books  of  the  day,  and  passed  any  number  of  examinations  in  their  contents." — Cktmical  Nrtus, 

mmercial  Chemical  Analysis, 
THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANALYSIS; 

or,  Practical  Instructions  for  the  determination  of  the  Intrinsic  or  Commercial  Value 
of  Substances  used  in  Manufactures,  in  Trades,  and  in  the  Arts.  By  A.  Normandy, 
New  Edition  by  H.  M.  Noad,  Ph.D.,  F.R.S.     Crown  8vo,  12s,  6d,  cloth. 
'*  We  iitrongly  recommend  this  book  to  our  readers  as  a  guide,  alike  indispensable  to  the  housewife 

0  the  pharmaceutical  practitioner.  ** — Medical  Times. 

le- Wares  and  Colours, 

THE   MANUAL  OF  COLOURS  AND  DYE  -  WARES :     Their 

Properties,  Applications,  Valuations,  Impurities,  and  Sophistications.      For   the 
use  of   Dyers,   Printers,  Drysalters,  Brokers,  &c.      B^  J.  W,  Slat£R.      Second 
Edition,  Revised  and  greatly  Enlarged,  crown  8vo,  js.  6d,  cloth. 
"  A  complete  encyclopaedia  of  the  materia  tittctoria.    The  information  given  respecting  each  article 
ill  and  precise,  and  the  methods  of  determining  the  value  of  articles  such  as  these,  so  liable  tosopKih- 
tion,  are  given  with  clearness,  and  are  practical  as  well  as  valuable." — Chemist  and  Druggist, 
*'T1iere  is  no  other  work  which  covers  precisely  the  same  ground.     To  students   preparing  for 
minations  in  dyeing  and  printing  it  will  prove  exceedingly  useful."— CA/Miira/  Newt, 

)dern  Brewing  and  Malting. 
A  HANDYBOOK  FOR  BREWERS:    Being  a  Practical  Guide  to 

the  Art  of  Brewing  and  Malting.  Embracing  the  Conclusions  of  Modem  Research 
which  bear  upon  the  Practice  of  Brewing.  By  Herbert  Edwards  Wright. 
M.A.    Second  Edition,  Enlarged.     Crown  Svo,  530  pp.,  12s,  6d,  cloth. 

"  May  be  consulted  with  advantage  by  the  student  who  is  preparing  himself  for  exaxnloational 
It,  while  the  scientific  brewer  will  find  in  it  a  risumi  of  all  the  most  important  discoveries  of 
dem  timet.  The  work  it  written  throughout  in  a  clear  and  concise  manner,  and  the  author  takes 
tt  care  to  discriminate  between  vague  theories  and  well-established  facts." — Brewers*  Journal. 

**  We  have  great  pleasure  in  recommending  this  handybook,  and  have  no  hesitation  in  saying  that 
( one  of  the  b«st — ii  not  the  best — which  has  yet  been  written  on  the  subject  of  beer-brewing  in  this 
jitrr.  it  should  have  a  place  on  the  shelves  of  every  brewer's  library." — Brewer^s  Guardian. 

**  Although  the  rcquiremenu  of  the  student  are  primarily  considered,  an  acquaintance  of  half-an- 
ir's  duration  cannot  fail  to  impress  the  practical  brewer  with  the  sense  of  having  found  a  trustworthy 
de  and  practical  counsellor  in  brewery  matters."— CA<Y»tca/  Trade  foumal, 

\algsis  and  Valuation  of  Fuels, 
FUELS:  SOLID,  LIQUID,  AND  GASEOUS:  Their  Analysis  and 

Valuation.  For  the  Use  of  Chemists  and  Engineers.  By  H.  J.  Phillips,  F.C.S., 
Formerly  Analytical  and  Consulting  Chemist  to  the  Great  Eastern  Railway. 
Third  Edition,  Revised  and  Enlarged.     Crown  8vo,  2.r.  cloth. 

"  Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment,  and  wherever 

1  it  UMd  on  a  large  9cale,"^Chemical  News, 
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Pigments. 

THE  ARTISTS'  MANUAL  OF  PIGMENTS.  Showing  ihdr  Com- 
position, Condilions  or  Permaiiecicy,  N on- Permanency,  and  Atlultemions ;  EBecu 
in  Combiuwion  willi  Eadi  Ullier  and  wiili  Vehicles  ;  and  ihe  moii  Keliable  Ttiis 
of  Puriiy.     By  H.  C.  Stamiaue,     Third  Edition,  cnii™  8vo.  21,  6U,  elntti. 

Gauging.    Tables  and  Rules  for  Revenue  Officers,  Brewers,  &e. 
A   POCKET-BOOK   OF  MENSURATION    AND   GAUQINQ: 

ConlMning  Tables.  Rules,  and  Memoranda  l.jr  Kevetiue  Oflieets.  Breweis.  Spirtl 
Metchsnts,  iic.     By  J.  B.   Mant  {Inland  Revenue).      Second  Ednion,  Reiiwl 


"Thiifchuidy  ukd  uiefu]  book  is  adapted  to  the  rEqulTCEil«Ptt  ot  the  Inb 
pic  and  cltar." — CivUian.    "  Should  be  La  the  handft  oftvcry  practical  bi4 
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Cycle  Manufacture, 

MODERN  CYCLES:  A  Practical  Handbook  on  their  Construction 

andKtpair.  ]i)- A.  J,  Wallis-Tavlkr,  A.M.Insl.C.E.  Author  of  ■'RefoUf 
rating  Macliinei-y,'  &,c.  Wuli  upwards  of  300  lUuit rations.  Crown  8vo,  lOj,  W. 
clfjtii.  [Jusl  puhliiiti. 

Tea  Growing  and  Manufacture. 

TEA  :  A  Text  Hook  of  Tea  Planting  and  Manufacture.  Comprisijig 
Chapters  on  the  History  and  Development  of  the  Industry,  the  Cultivation  of  "^ 
Plant,  tbe  i'reparation  of  the  Leaf  for  the  Market,  the  Botany  and  ChemiUIT  <■ 
'I'ca,  At.  With  some  Account  of  the  Lawi  afieciinE  Labour  in  Tea  O'ufl*" 
in  Assam  and  elsewhere.  Oy  David  Crole,  late  of  the  Jokai  Tea  CnnpiBT.i^ 
With  Plates  and  other  Illustrations.     Medium  Svo,  161.  cloth.         [Jusl  fiAH^t'- 

Cotton  Spinning. 

COTTON  MANUFACTURE:  A  Manualof  Practicailnstruction 
of  tlie  Processes  of  Opening,  Carding,  Combing,  Drawing.  Doubling  and  !5ptiio>'4 
«f  Cotton,  the  Methods  of  Dyeing  &c.  For  the  Use  of  Operative!,  Overlooker, 
and  Manufaciureri.  By  Jons  Lisier,  Technical  Inslrucior,  Pendleton.  Svo, 
71.  bd.  cloih. 
I^ThisiBvaluahlt  volume  i>  a  Uiv<nct:>dvinrf  in  lUclilinture  of  cotton  ii>nnur>ctiii<.*-~Jf  11^  i^ 

Flour  Manufacture,  Milling,  etc. 

FLOUR  MANUFACTURE:  A  Treatise  on  Milling  Science  and  PfJC- 

lice.      By  Friedrich  Kick,  Imperial  Regie™ iigsrath,   Professor  of  Mechaoitfl 

Technology  in  the  Imperial  German  Polytechnic  Institute,   Prague.     Tranililrf 

from  the  Second  Enlarged  and  Revised  Edition  *ith  Supplement.     By  H    H.  ''■ 

Pott-LlS,  Assoc.  Meoib.  Institution  ofCivil  Engineerj.     Nearly 400pp.      IllusOTW^ 

with  28  Folding  Plates,  and  167  Woodcuts.   Roy.  Svo,  35*.  cloth. 

■' Thb  viluiUe  work  ii,  ud  vtJl  r<inuii.ih«  lUndud  auihnrityDD  llic  Hdenci  of  millint.   .    '  ; 

ThaniUsrvbo  hunadaua  digtucd  Ihii  work  will  him  bid  1)1 1  found sliou.  k>  eo  ipuk.  of  i  >iic«*^' 

cirHc:  he  will  have  Bcqiiired  a  number  of  general  princiirfM  which  he  can  proceed  10  aiiply.    I"*' 

haodHine  votunie  o":  ai  Lik  have  the  acnqited  lexl-book  of  modmi  millina  in  aood.  lounil  tut^o^ 

which  h»  little  if  any.  Luec  of  the  German  idiom,"— rA*  MiUrr. 

■•  The  arrejiance  ot  lU.  lelehrai^  work  in  EBgllhhJs  vjty  opportune,  and  BriiiJi  mdltn  will " 


INDUSTRIAL  AND  USEFVL  ARTS.  37 

CEMENTS,    PASTES,    GLUES    AND    GUMS:     A    Practical 

Guide  to  the  Manufacture  and  Application  of  the  various  Agglutinants  required  in 
the  Building,  Metal- Working,  Wood -Working,  and  Leather-XVorking  Trades,  and 
for  Workshop,  Laboratory  or  Office  Use.  With  upwards  of  900  Recipes  and  For- 
mulx.     By  H.  C.   Standage,  Chemist.      Third  Edition.      Crown  8vo,  2s.  cloth. 

\Just  published, 
"We*  have  pleasure  in  speaking  favourably  of  this  volume.     So  far  as  we  have  had  experience, 
Hich  is  not  inconsiderable,  this  manual  is  trustwonhy." — Athenaeum. 

"As  a  revelation  of  what  are   considered    trade  secrets,  this  book  will  arouse  an  amount    of 
triostty  among  the  large  number  of  industries  it  touches." — Daily  Ckronicie, 

oap^maklng. 

THE  ART  OF   SOAP-MAKING :   A  Practical  Handbook  of  the 

Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  &c.    Including  many  New 
Processes,  and  a  Chapter  on  the  Recovery  of  Glycerine  from  Waste  Leys.     By 
Alexander    Watt.     Fifth  Edition,  Revised,  with  an  Appendix  on  Modem 
Candlemaking.     Crown  8vo,  ys.  6d,  cloth. 
**  The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the  pri.ctical  soap 
►iler  who  wishes  to  understand  the  theory  of  his  art." — Chemical  News. 

*'  A  thoroughly  practical  treatise  on  an  art  which  has  almost  no  literature  in  our  language.    We  con- 
atulate  the  author  on  the  success  of  his  endeavour  to  fill  a  void  in  English  technical  literature.'* — Nature, 

aper  Making. 

PRACTICAL  PAPER-MAKING:  A  Manual  for  Paper-Makers  and 

Owners  and  Managers  of  Paper-Mills.     With  Tables,  Calculations,  &c.      By  G. 

Clapperton,  Paper-maker.     With  Illustrations  of  Fibres  from  Micro-photographs. 

Crown  8vo,  5^.  cloth. 

"The  author  caters  for  the  requirements  of  responsible  mill  hands,  apprentices,  &c.,  whilst  his 

anual  will  be  found  of  great  service  to  students  of  technology,  as  well  as  to  veteran  paper-makers 

)d  mill  owners.    The  illustrations  form  an  excellent  feature." — The  World* t  Paper  Trade  Review. 

**  We  recommend  everybody  interested  in  the  trade  to  get  a  copy  of  this  thoroughly  practical 
iok."— Paper  Making. 

*aper  Making, 

THE  ART  OF  PAPER-MAKING:  A  Practical  Handbook  of  the 

Manufacture  of  Paper  from  Rags,  Esparto,  Straw,  and  other  Fibrous  Materials. 
Including  the  Manufacture  of  Pulp  from  Wood  Fibre,  with  a  Description  of  the 
Machinery  and  Appliances  used.  To  which  are  added  Details  of  Processes  for 
Recovering  Soda  from  Waste  Liquors.  By  Alexander  Watt,  Author  of  "The 
Art  of  Soap-Making."  With  Illustrations.  Crown  8vo,  Js,  6d.  cloth. 
'*  It  may  be  regarded  as  the  standard  work  on  the  subject.    The  book  is  full  of  valuable  informa- 

on.    The  *  Art  ot  Paper-making,'  is  in  every  respect  a  model  of  a  text-book,  either  for  a  technical 

ass,  or  for  the  private  student.  — Paper  and  Printing  Trades  Journal, 

eather  Manufacture. 

THE  ART  OF  LEATHER  MANUFACTURE:  Being  a  Practical 

Handbook,  in  which  the  Operations  of  Tanning,  Currying,  and  Leather  Dressing 
are  fully  Described,  and  the  Principles  of  Tanning  Explained,  and  many  Recent 
Processes  Introduced ;  as  also  Methods  for  the  Estimation  of  Tannin,  and  a 
Description  of  the  Arts  of  Glue  Boiling,  Gut  Dressing,  &c.  By  Alexander 
Watt,  Author  of  "Soap-Making,"  &c.  Fourth  Edition.  Crown  8vo,  gs.  cloth. 
"  A  sound,  comprehensive  treatise  on  tanning  and  its  accessories.  The  book  is  an  eminently  valuable 
reduction,  which  redounds  to  the  credit  of  both  author  and  publishers." — Chemicml  Review, 

*oot  and  Shoe  Making. 

THE  ART  OF  BOOT  AND  SHOE-MAKING:  A  Practical  Hand- 
book, including  Measurement,  Last-Fitting,  Cutting-Out,  Closing  and  Making, 
with  a  Description  of  the  most  approved  Machinery  Employed.  By  John  B. 
Leno,  late  Editor  of  Si.  Crispin^  and  The  Bool  and  Shoe- Maker.     i2mo,  2x.  cloth. 

dentistry  Construction. 

MECHANICAL  DENTISTRY :  A  Practical  Treatise  on  the  Con- 
struction of  the  various  kinds  of  Artificial  Dentures.  Comprising  also  Usetiil  For- 
mulae, Tables,  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  &c.  &c.  By  C. 
Hunter.   Third  Edition.    With  100  Wood  Engravmgs.  Crown  8vo,  y,  6d.  cloth. 
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Wood  Engraving. 

WOOD  ENGRAVING:   A  Practical  and  Easy  Introduction  to  the 

Study  of  the  Art.     By  W.  N.  Brown.     i2mo,  ix.  6</.  cloth. 

"The  book  is  clear  and  complete,  and  will  be  tiseful  to  anyone  wantinf  to  understand  the  first 
elements  of  the  beautiful  art  of  wood  enfcraving."— (7ni/A/V. 

Horology, 

A  TREATISE  ON  MODERN  HOROLOGY,  in  Theoiy  and  Prac 
tice.  Translated  from  the  French  of  Claudius  Saunier,  ex-Director  of  the 
School  of  Horology  at  Macon,  by  Julien  Tripplin,  F.R.A.S.,  Bcsancon  Watch 
Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint.  With 
Seventy-eight  Woodcuts  and  Twenty-two  Coloured  Copper  Plates.  Second 
Edition*  Super-royal  8vo,  £2  2s,  cloth  ;  £2  lor.  half-calf. 
"  There  is  no  horological  work  in  the  English  language  at  all  to  be  compared  to  this  Drodoctioo  cf 


,tle 


tinental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  Ensrlish  brethren— 4n  £ut 
the  Book  of  Books,  is  M.  Saunier's  *  Treatise.'  **— Watchmaker^  frwtlUr^  and  Silversmith. 

Watch  Adjusting. 

THE  WATCH  ADJUSTER'S  MANUAL:  A  Practical  Guide  for 

the  Watch  and  Chronometer  Adjuster  in  Making,  Springing,  Timing  and  Adjusting 
for  Isochronism,  Positions  and  Temperatures.  By  C.  E.  Fritts.  370  pagesi 
with  Illustrations,  8vo,  I  dr.  cloth. 

Watchmaliing. 

THE  WATCHMAKER'S  HANDBOOK.   Intended  as  a  Workshop 

Companion  for  those  engaged  in  Watchmakii^  and  the  Allied  Mechanical  Arts. 
Translated  from  the  French  of  Claudius  Saunier,  and  enlarged  by  JuuiK 
Tripplin,  F.R.A.S.,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint 
Third  Edition.      Crown  8vo,  9J.  cloth. 

'*  Each  part  is  truly  a  treatise  in  itself.  The  arrangement  is  good  and  the  language  is  clear  sad 
concise.     It  is  an  admirable  guide  for  the  young  watchmaker." — Engitteerin^, 

*'  It  is  impossible  to  speak  too  highly  of  its  excellence.  It  fulfiU  everv  reauirement  in  a  handbook 
intended  for  tne  use  of  a  workman.     Should  be  found  in  every  workshop.— fra/M  and  Clockmaker, 

Watches  and  Timelteepers. 

A  HISTORY  OF  WATCHES  AND  OTHER  TIMEKEEPERS. 

By  James  F.  Kendal,  M.B.H.  Inst.     u.  6rf.  boards ;  or  2j.  td,  cloth,  gilt. 

"  The  best  which  has  yet  appeared  on  this  subject  in  the  English  language." — Industrifs. 
"  Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  ingeoioos 
devices  of  the  ancient  or  modern  horologer." — Saturday  Review. 

Electrolysis  of  Gold,  Silver,  Copper,  &c. 

ELECTRO -DE  POSITION :  A  Practical  Treatise  on  the  Electrolysis 

of  Gold,  Silver,  Copper,  Nickel,  and  other  Metals  and  Alloys.     With  descriptions 

of  Voltaic  Batteries,  Magneto  and  Dynamo-Electric  Machines,  Thermopiles,  and 

of  the  Materials  and  Processes  used  in  every  Department  of  the  Art,  and  several 

Chapters    on    Electro-Metallurgy.      By    Alexander    Watt,    Author  of 

**  Electio-Metallurgy,*'  &c.     Third  Edition,  Revised.     Crown  8vo,  91. ,  cloth. 

"  Eminently  a  book  for  the  practical  worker  in  electro-deposition.    It  contains  practical  descriptions 
of  methods,  processes  and  materials,  as  actually  pursued  and  used  in  the  workshop.*' — Engineer, 

Electro-Metallurgy, 

ELECTRO-METALLURGY:  Practically  Treated.   By  Alexander 

Watt.     Tenth  Edition,  including  the  most  recent  Processes.     i2mo,  3^.  6d,  cloth. 

"From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for  the  successful  pro* 
secution  of  electroplating." — Iron. 

Working  in  Gold. 

THE  JEWELLER'S  ASSISTANT  in  the  Art  of  Working  in  Gold. 

A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  from  the  Experience 
of  Thirty  Years'  Workshop  Practice.  By  George  E.  Gee,  Author  of  "The  Gold- 
smith's Handbook,"  &c.     Crown  8vo,  'js.  6d.  cloth. 

"  This  manual  of  technical  education  is  apparently  destined  to  be  a  valuable  au  xiliary  to  a  hand- 
craft which  is  certainly  capable  of  great  improvement.*'— yA/  Times. 


Uitroplating. 
ELECTROPLATINO  :   A  Practical  Handbook  on  the  Deposition  of 

Coppet.  SilvfT,  Nickel,  Gold,  Aluminiam,  Brass,  Plalinum,  &c.  &c.     By  J.  W. 

l'R.,iiHART.  C.E.      Third  Edition,  Revised.      Crown  8vo,  5j.  cloth. 
■*  An  eicclkni  pisciieal  manual"— Engmiinng. 
"An  e.cillEiii  wotk,  givins  "he  newest  in  for  inilion."—Ho'iiJog«fl/  Journal. 

Eiectrotyping. 

ELECTROTVPINQ  :  The  Reproduction  and  Multiplication  of  Print- 
ing Surfaces  and  Works  of  Art  by  the  Eleclro-deposilion  of  Metals.  By  Ji  W. 
_  L RQUHAiiT.  C.E.     Crown  Svo,  $'■  c'oth. 

•lecIriCLE^.  Iheo  Ihrniiitb  ihe  melals  used  by  electraiypert.  Ihe  AppiiraluB,  mtd  Ihe  depi»iting  praccsE»,  up 
to  the  6oj1  fwcpmiMaoa  of  ItxfKotk."- Art  J'OKma/. 

Goldsmiths'  Work. 

THE    aOLDSMITH'S    HANDBOOK.       By    George    E.   Gee, 

Jeweller,  Slq.     Founh  Edition,      amo,  y.  bJ.  clolh. 

Silaersmiths'  Work. 

THE  SILVERSMITH'S  HANDBOOK.  By  George  E.  Gee, 
Jeweller,  &e.     Third  Edition,  wilh  numerous  lllusis,     lamo,  jj.  6./.  clolh. 

■•  The  tli.crn.tm  of  thtwD7kiiU,pfjcoc=l  Charlie..    .     .    n.ewBrl.er5,n.h..l«d=will.iR=diLT 
d.icorer  111  mtnts  »  hrn  Ihcy  t.l  down  to  sludy  i!,''—£irf/isA  ilf/ckaiK. 

','    Tit  atinii  lum  -.varis  K^tlhtr,  iirengly  half-tmmd,  prin  Jr. 

Sheet  Metal  Working. 

^SHEET  METAL  WORKER'S  INSTRUCTOR:  Comprising  a 
^^^Beleciion  of  Ueunietricsl  Problems  and  Practical  Rules  for  Uescribing  itie  Various 
^■utems  Required  by  Zinc,  tibeet-lron,  Copoer  and  Tin-Plate  Workers.  B? 
^■^UBSN  Henry  Warn,  ^radical  Tiu-PIate  Worker.  New  Ediiion,  Revised  ai 
^^fceatly 
With  4, 


Illy  Enlarged  by  Joseph  G.   Hoknsr,  A.M.I.M.E.     Crown  8vo,  154  paees, 
-     '■■  -  .     .    .  ,~    .  .    j;r^|^Y. 


Gith  430  nil 

Bread  and  Biscuit  Baking. 

THE    BREAD    AND     BISCUIT    BAKER'S    and    Sugar- Boiler's 

AsMilant,  Incluilin^  a  large  vnriely  of  Modern  ReciDes.  With  Remarks  on  the 
Art  of  Kread-mokinE.  By  KoiiEK  r  Wells.  Third  Eiiition.  Cr.  Svo,  21.  clolh. 
-A  Urge  number  of  »i.nkl«  fgr  lUe  ordinary  i:ooli,  as  well  as  Ibn  baket."— Sa/H.d.iy  Rnua. 

Confectionery  for  Hotels  and  Restaurants. 

THE  PASTRYCOOK  AND  CONFECTIONER'S  QUIDE.     For 

Holel't.  Ketlauranls,  and  the  Trade  in  general,  adapted  also  lor  Family  Use. 
By  K.  Wblls.  Auihor  of  "  The  Bread  and  Biscuit  Biker."  Crovrn  &vo.  xt.  cloth. 
-Wecaiin<it»p«.lilooliiiWyoflbi»reaMyB>cellent>iorlI.  In  ihaiedays  o!  keea  compeHlion 
oui  r«deii  aii.ioi  do  bene.  Ihso  puichue  ibii  boolL--fl4*(r'j  r.wn. 

\entai  Confectionery. 
iRNAMENTAL  CONFECTIONERY:  A  Guide  for  Bakers,  Con - 

and  Pastrycooks  ;  including  a   Variety  of  Modem  Recipes,  and  Remarks 
alive  and  Coloured  Work.     With   129  Original  Designs.     By  Robkri 
Second  Edition.      Crown  Svo,  51.  clolh. 
'  votli.  practical,  xnil  mould  be  in  Iho  harnli  ol  every  baker  and  cODfecIioiler.    The 
ln»  arc  alone  vYorib  uoble  Iho  imounl  charged  tot  (Be  whole  work,"-e»i(f »  Timis. 

Flour  Confectionery. 

\      THE  MODERN  FLOUR  CONFECTIONER.  Wholesale  and  Re- 

^^^^U.     Coniainin;^  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits,  &c. 
^^^ntb   Remarks  on  Ihe  Ingredienla  Used   in    their   Manulaciure.      By  Robert 
^^^h.UA  Anihor  of  "  The  Bread  and  Biscuit  Baker,"  Sec.     Crown  Svo,  21.  cloth. 
BB5*-jV»r»*ffnVin'o«S'S^i;!"    "^  ""    ''*"    """»"'=""  ™         "  ecnnoouci 

laundry  Work. 

LAUNDRY  MANAGEMENT.   .\  Handbook  for  Use  in  Privaleand 
Culilic  Laundries.     By  the  Euitor  of  "The  Laundry  Joumai."     Third  Edition, 
n  Svo.  IS.  cloth. 

inred  plicsan  IbeihelvMof  all  ho 
appUanco  and  meihoJi."— r»i  i" 
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HANDYBOOKS    FOR     HANDIGRAF' 

BV   TAITL  X.   HASLL'CK. 
EdUor  o1  "Work''  (Now  SsiiMj.  Amhui  ^f "  Ljlhs  Woik,"  *  Miilins  MacLiups."  &c. 
CTOwn  Svo,  144  pftgci,  clolh,  price  11.  tuh. 
I:^'  7a«/  Hakdvbooks  hoBc  ieen  toritUH  la  mfply  in/ermaihn  far  Workmen, 
Studknts,  and  Amateurs  %h  ihtintral  Nandiira/is.  m  ihteitual  Practicb  af  iki 
Workshop,  and  are  iHltHdtd  ta  ctnvty  in  fiiUn  laagnQgi  Tbcmmcal  Knowibdcb^ 
/*«  irverai  Ckafts.     /h   d/ilrihiug  the  peatnes   empti^cil.  and  iht   manifidal^  -' 
matirial.  xeerkiliBp  tema  art  uicd  ;  woriiRtfi  firaitia  is  fully  ixplaiiud  :  atid  ti*M 
frtitj  illuilraleJ  with  drawingi  ef  miJcni  leaii,  appIicoKts,  and  fire. 


A  Practical  Maniu 
ions.     Price  1/ 

iuQ  tamer.    It  displaii  tbanii|;li 

A  Practical  Manus!  for 
Piice  II. 

wughl  in  VUB  ^r ("lUDual  af  Ibu'^d^J  \a^aati."—Mi'haiitat  World. 

THE  WATCH  JOBBER'S  HANDVBOOK.  A  Practical  Manual  on 
Cleaning,  Repairing,  tiiid  Adjusting.    With  upwards  af  100  Illustrationi.    Ptict  1'. 

iDctpenslvc  luotk,"— Clfrtdnvfjl  ChnmcU, 

THE  PATTERN  MAKER'S  HANDVBOOK.    A  Practical  Manual  oa 

tiie  Construction  of  Patterns  (or  Foumttrs.     With  upwitdi  of  loO  Hlmlrations.    I'- 
■■  A  moBi  valuable,  if  not  indiupcnsable,  iiuqgal  foi  the  piiwrn  iiiakei."— /i'-.(HjJ<J«. 

THE  MECHANIC'S  WORKSHOP  HANDVBOOK.  A  Practial 
Manual  on  Mechanical  Mmipulition,  embracing  lurorruiiiion  on  various  HsndicnA 
Processes.  With  Useful  Notes  and  Miscellaneous  Memoranda.  Comprising  ibMl 
aoo  Subjects.     Price  ii. 

Uinly  find  a  place'in  all  l«li'nic™Mhoii'k."— Safi.ri(nj'^»«i.  '"^ 

THE  MODEL  ENGINEER'S  HANDVBOOK.   A  Practical  Manual  on 

the  Construction  of  Model  Steam  Etiijines.     Wiih  upwards  of  too  IllusUiitiont.    "■ 

THE  CLOCK  JOBBER'S  HANDVBOOK. 

Cleaning.  Kepainn):;,  and  Adjusting.    With  upwards  ol 

THE  CABINET  WORKER'S  HANDVBOOK.     A  Practical  Mminl 

on   the  Tools.  Materials,   Appliances,  and  Processes  employed  in  Cabinet  Wotli- 
Wilh  upwards  of  100  lUustralions.     Price  u. 
"Mr.  Huluck'n  IhorcuuhiEolni:  lillls  H^ndybook  <>  uiian«l  Iheinosl  praclieal  lutduinUn 
been  for  begiDUEri  In  ciblDet-Kork."— Saluriitv  Rrvuv,. 

THE  WOODWORKER'S  HANDVBOOK  OF  MANUAL  IN- 
STRUCTION. Embracing  Informalion  on  the  Tools,  MalerioU,  Apgiliaiicei OVJ 
Processes  Employed  in  Wnwlwo.king.     \Vi;h  104  lilu^lralions-     Price  U- 


OriNIO.N-,  OK  HIE  PkE^.  ^^H 

"  Writleo  bj*  a  man  who  knows,  not  only  how  work  ought  lo  be  dona,  but  how  t^^^| 
1  how  to  convey  bis  knowledge  10  others." — Knsi»ttring.  ^^^H 

"  Mr.  Uasluck  writes  admirably,  and  gives  complete  iastruclinns." — Ex^'Hwr,      ^^B 
"  Mr.  Hosluck  combines  the  experience  of  a  practical  teacher  with  the  manipnlMM 
I  and  scientific  knowledge  of  processes  of  the  Lrained  mechanician,  and  the  muiials 
marveii  of  what  can  be  produced  at  a  popular  price." — Schoolmaittr. 
"  Helpful  to  workmeti  of  all  ages  and  degrees  of  expeiJeace." — Daily  CItPoiricI*. 
"  Practical,  sensibie,  and  remarkably  cheap. ' — Journal  of  EducalioH. 
"  Concise,  clear,  and  practical."— Snivfif ay  Ifivitw, 
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COMMERCE,  COUNTINGHOUSE  WORK,  TABLES,  etc. 
ommercial  Education. 

LESSONS  IN  COMMERCE.     By  Professor  R.  Gambaro,  of  the 

Royal  High  Commercial  Schoolat  Genoa.  Edited  and  Revised  by  James  Gault, 
Professor  of  Commerce  and  Commercial  Law  in  King's  College,  London.  Second 
Edition,  Revised.    Crown  8vo,  3J.  6d,  cloth. 

'*  The  fmblishers  of  this  work  have  rendered  considerable  service  to  the  cause  of  commercial  educa- 
on  by  the  opportune  oroductioQ  of  this  volume.  .  .  .  The  work'is  peculiarly  acceptable  to  English 
waders  and  an  admirable  addition  to  existing  class  books.  In  a  phrase,  we  think  the  work  attains  its 
bject  in  furnishing  a  brief  account  of  those  laws  and  customs  of  British  trade  with  which  the  commer- 
lal  man  interested  therein  should  be  familiar."— C>ia«»^rr  0/  Commerce  Journal. 

**  An  invaluable  j^itde  in  the  hands  of  those  who  are  preparing  for  a  commercial  career,  and,  in  fact 
le  information  it  contains  on  matters  of  busmess  should  be  impressed  on  every  one.*'— ^OMnting  House, 

'oreign  Commercial  Correspondence. 

THE    FOREIGN    COMMERCIAL  CORRESPONDENT:    Being 

Aids  to  Commercial  Correspondence  in  Five  Languages— English,  French,  German, 

Italian,  and  Spanish.    By  Conrad  E.  Baker.  Second  Edition.  Cr.  8vo,  ys.  6d,  cl. 

"Whoever  wishes  to  correspond  in  all  the  languages  mentioned  by  Mr.  Baker  cannot  do  better 

lan^  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.    They 

onsist  not  of  entire  specimen  letters,  but— what  are  far  more  useful — short  passages,  sentences,  or 

hrases  expressing  the  same  general  idea  in  various  forms."— ^  thtnaum. 

^  **  A  careful  examination  has  convinced  us  that  it  is  unusually  complete,  well  arranged  and 
thable.    The  book  is  a  thoroughly  good  oae  "Schoolmaster. 

'ommercial  French. 

A   NEW  BOOK  OF  COMMERCIAL   FRENCH:      Gramrnlr— 

Vocabulary  —Correspondence — Commercial  Documents — Geography — Arithmetic 
— Lexicon.  By  P.  CARROUfi,  Professor  in  the  City  High  School  J.—B.  Say 
(Paris).     Crown  8vo,  41.  6d,  cloth. 

ooountsfor  Manufacturers. 

FACTORY  ACCOUNTS :  Their  Principles  and  Practice.  A  Hand- 
book for  Accountants  and  Manufacturers,  with  Appendices  on  the  Nomenclature  of 
Machine  Details  ;  the  Income  Tax  Acts  ;  the  Rating  of  Factories  ;  Fire  and  Boiler 
Insurance ;  the  Factory  and  Workshop  Acts,  &c.,  includinij  also  a  Glossary  of  Terms 
and  a  large  number  of  Specimen  Rulings.  By  Emile  Garcke  and  J.  M.  Fells. 
Fourth  Edition,  Revised  and  Enlarged.  Demy  8vo,  250  pages.  6s.  strongly  bound. 
"A  very  interesting  description  of  the  requirements  of  Factory  Accounts.     .    .     .     The  principle  of 

isimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly   agree 

ith." — Accountants'  Journal. 

*'  Characterised  by  extreme  thoroughness.      There  are  few  owners  of   factories  who   would  not 

erive  jcreat  benefit  from  the  perusal  of  this  most  admirable  work." — Local  Government  Chronicle, 

todern  Metrical  Units  and  Systems. 

MODERN  METROLOGY :  A  Manual  of  the  Metrical  Units  and 

Systems  of  the  present  Century.  With  an  Appendix  containing  a  proposed  English 
System.     By  Lowis  DA.  Jackson,  A.-M.  Inst.  C.E.,  Author  of  **  Aid  to  Survey 
Practice,"  &c.     Large  crown  8vo,  12s,  6d.  cloih. 
**  We  recommend  the  work  to  all  interested  in  the  practical  reform  of  our  weights  and  measures.'* 

Nature. 

The  Metric  System  and  the  British  Standards. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British  Standard 

Measures  and  Weights  are  compared  with  those  of  the  Metric  System  at  present  in 
Use  on  the  Continent.     By  C.  H.  Dowling,  C.E.     8vo,  lor.  M.  strongly  bound. 
"  Mr.  Dowling's  Tables  are  well  put  together  as  a  ready  reckoner  for  the  conversion  of  one  system 
into  the  other." — Athenmum. 

Iron  and  Metal  Trades'  Calculator. 

THE  IRON  AND  METAL  TRADES'   COMPANION:    For  ex- 

peditiously  ascertaining  the  Value  of  any  Goods  bought  or  sold  by  Weight,  from 
is.  per  cwt.  to  112s,  per  cwt.,  and  from  one  farthing  per  pound  to  one  shilling  per 
pound.     By  Thomas  Downie.     Strongly  bound  in  leather,  396  pp.,  gs. 

**  A  most  useful  set  of  tables,  nothing  like  them  before  existed." — Building  News. 
"Although  specially  adapted  to  the  iron  and  meul  trades,  the  tables  will  be  found  useful  in  every 
>thcr  business  %n  which  merchandise  it  bought  and  sold  by  weight."— /^aiVti^/ij'  News. 


CROSBY  LOCKWOOD  &■  SOJfS  CATALOGUE. 

Gfiadwiok's  Calculator  for  Numbers  and  WeiglttB  Combined. 

THE  NUMBER,  WEIGHT.  &  FRACTIONAL  CALCULATOR. 

(Jonlaining  upwnids  0(250,000  Separnle  Calculiklions,  showing  al  a  glance  tht'ilw 
at  423  diRerenl  rates,  ranging  (roiu  ^i^th  of  a  Penny  lo  30s.  each,  or  per  cvl ,  ix^ 
£30  per  Ion,  of  any  number  oF  articles  consecutively,  from  1  10  470. — Any  nimba 
ofcwts..  qn.,  and  lbs.,  from  i  cwt.  to  470  cwla.^Any  nomber  of  tons,  cwls.,  qn. 
and  lbs,,  from  1  to  1,000  tons.  By  Wili.mm  Chadwick,  Public  Accoanum. 
Third  Edition,  Revised  and  Improved.     8va,  181.  Etrongly  bound. 

np  account*  or  citimaies  the  book  mual  prove  mnluibic  to  ill  who  have  any  coniideiAble  qiuBMTM 
calcuiatiDDi  involvjai  price  and  meamre  in  say  combiaation  to  do."— f  i^frrwr. 
"  The  Biojl  perfect  work  of  the  kind  yet  prepared."— C/Mjmi  Hirmld, 

Harten'a  Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR:  Being  a  Series  of  Tables  upon 
a  New  and  ComurehEnsive  Plan,  exhibiting  at  one  Reference  the  eiact  Value  odnr 
Weight  from  I  lb.  lo  15  ions,  al  300  Proeressive  Rales,  from  id.  lo  168/.  peim. 
■nil  containing  i36.ooa  Direct  Answers,  which,  with  their  Combinations,  coniittiM 
of  a  single  addilion  {mostly  to  be  performed  at  sight),  will  afford  an  aggiegiW  « 
10,266,000  Answers;  the  whole  being  calculated  and  designed  to  ensnie  contri- 
ness  and  promoie  despatch.  By  Henrv  Harhkn,  Accounlanc.  Fifth  Editioii 
carefully  correcled.     Koyol  8vo,  strongly  half-bound./' I  5J, 

"A  practical  nnd  luefiil  »ork  of  rofermce  (or  men  of  hu.ine«  BCacnUyr—Inmmemerr.    ifiM. 

••  Of  pr;celc>.s  valu<^  to  bosiueu  men.  It  it  i  neceuiry  book  in  nil  mercinlilE  off<o:t.-SlufilU  /•it- 

Harben's  Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE.  Comprising  several  Series  of  Tablo 
for  the  use  of  Merchants.  Manufaelurers,  Ironmongers,  and  others,  by  which  a»J^ 
ascertained  the  enact  Profit  arising  from  any  mode  of  using  Discounts,  either  la  lb 
Purchase  or  Sale  of  Goods,  and  the  method  of  eilhet  Altering  a  Rate  of  IMkooIi 
or  Advancing  a  Price,  so  as  lo  produce,  by  one  operation,  a  sum  that  will  rcaliielW 
required  pront  after  allowing  one  or  more  Discounts :  to  which  arc  added  Tiblis  ^ 
Profit  or  Advance  from  ij  to  90  per  cent..  Tables  of  Discount  from  i^  lo  $!(  1^ 
cent.,  and  Tables  of  Commission,  &c..  from  J  10  10  per  cent.  By  Hekkv  HaiK"- 
Accountant.     New  Edition,  Corrected.     Demy  8vo,  £1  ^i.  half-bound. 


.d  bv  bu.i 
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A  New  Series  of  Calculators. 

DIRECT  CALCULATORS:   A  Series  of  Tables 


id  Calculaiiou 

of  Particular  Trades.  By  M.  B.  CoK- 
J  distinct  books,  at  prices  ranging  from  ih  ** 
jn  application). 


to  :oj.  bJ.     (Deiailedptn 

New  Wages  Calculator. 

TABLES   OF  WAGES  at  54,   52,  50  and  48  Hours  per  WeA 

Showing  llie  Amiumts  of  Wnges  from  One-quarter-uf-an-hour  to  SiWy-lbiir  bOW* 
in  each  ca.st^  at  Ka.ci;  of  Wsi^e^  advancing  by  One  .Shilling  from  +<-loS5'-!" 
week.     By  Thus   C.vrbiit,  Accountant.     Square  crown  Svo,  6j.  balf-bouiBt 

Iron  Shipbuilders'  and  Merchants'  Weight  Tables. 

IRON-PLATE  WEIGHT  TABLES:  For  Iron  Shipbuilders, 
Engineers,  and  Iron  Merchants.  Conlaining  the  Calculaled  Weiglitt  of  apwu^ 
of  iSo,i»o  difltrenl  siies  of  Iron  Plate*  from  1  foot  by  6  in.  by  1  in.  to  10 fed  W 
5  feel  by  i  in.  Worked  out  on  the  basis  of  40  Ibi.  to  Ihe  square  fool  ol  Iiob  n  < 
inch  in  thickness.     By  H.  Buklinson  and  W.  H.  Simfson.    410,  ajr.  haK-bow 

Tables  for  Actuaries. 

MATHEMATICAL     TABLES     (ACTUARIAL).       Comprising 

Commulalion  and  Conversion  Tables,  Logatilhms,  Cologaritbtos,  Antilopirili* 
and  Reciprocals.     By  J.  W.  Goudcin.     "       ■  "  ■  _  -i-i 
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AGRICULTURE,  FARMING,  GARDENING,  etc. 

Or.  Fream'8  New  Edition  of  "  The  Standard  Treatise  on  Agrioulture." 
THE  COMPLETE  QRAZIER  AND  FARMER'S  AND  CATTLE 

BREEDER'5  ASSISTANT:  A  Compendium  of  Husbandry.  Originally 
Written  by  William  Youatt.  Thirteenth  Edition,  entirely  Re-written,  con- 
siderably Enlaiged,  and  brought  up  to  the  Present  Requirements  of  Agricultural 
Practice,  by  William  Fream,  LL.D.,  Steven  Lecturer  in  the  University  of  Edin- 
boigh,  Author  of  "  The  Elements  of  Agriculture,"  &c.  Royal  8vo,  i.ioo  pp.,  with 
over  450  Illustrations.     Price  £'i  lis,  6^.  strongly  and  handsomely  bound. 

Extract  from  Publishers'  Advertisement. 

"  A  treatise  that  made  its  original  appearance  in  the  first  decade  of  the  century,  and  that  enters 
Upcm  its  Thirteenth  edition  before  the  century  has  run  its  course,  has  undoubtedly  established  its 
position  as  a  worlc  of  permanent  value.  .  .  .  The  phenomenal  progress  of  the  fast  dozen  years 
JQ  the  Practice  and  Science  of  Farming  has  rendered  it  necessary,  nowever,  that  the  volume  should 
be  re-writtegy  .  .  .  and  for  this  undertalcing  the  Publishers  were  fortimate  enough  to  secure  the 
•crvicns  of  Dr.  Frbam,  whose  high  attainments  in  all  matters  pertaining  to  agriculture  have  been 
ao  emphatically  recognised  by  the  highest  professional  and  official  authorities.  In  carrying  out  his 
editorial  duties,  Dr.  Fream  has  been  favoured  with  valuable  contributions  by  Prof.  J.  Wortlby 
AxK,  Mr.  B.  Brown,  Dr.  Bernard  Dyer,  Mr.  W.  J.  Malden,  Mr.  R.  H.  Rbw,  Prof.  Sheldon,  Mr. 
J.  Sinclair,  Mr.  Sanders  Spencer,  and  others. 

**  As  regards  the  illustrations  of  the  work,  no  pains  have  l>een  spared  to  make  them  as  repre- 
sentative and  characteristic  as  possible,  so  as  to  be  practically  useful  to  the  Farmer  and  Grazier. ' 

Summary  of  Contents. 

Book  I.   On  the  Varieties,  Breeding,  Rear-       Book  VII.    On  the  Breeding,  Rearing,  and 

INO,  Fattening  and  Management  of  Cattle.  Management  of  Poultry. 

Book  II.  On  the  Economy  and  Management  \  Book  VIII.    On    Farm   Offices   and  Implk- 

OF  thk  Dairy.  ments  of  Husbandry. 

Book  III.   On  thb  Breeding,  Rearing,  and  I  Book  IX.    On    the    Culture  and  Mamaoe- 

Manaobmbnt  of  Horses.  ment  of  Grass  Lands. 

Book  IV.    On  the  Breeding,  Rearing,  and  '   Book  X.  On  the  Cultivation  and  Applica- 

Fattening  of  Sheep.  '       tion  of  Grasses,  Pulse  and  Roots. 

Book  V.    On    the   Breeding,  Rearing,  and  ;   Book  XL    On    Manures   and   their   Appli- 

Fattening  of  Swine.  cation  to  Grass  Land  and  Crops. 

Book  VI.  On  the  Diseases  of  Live  Stock.  ,   Book  XII.  Monthly  Calendars  of  Farmwork. 

*,*  Opinions  of  the  Press  on  the  New  Edition. 

"  Dr.  Fream  is  to  l>e  congratulated  on  the  successful  attempt  he  has  made  to  give  us  a  work 
which  will  at  once  become  the  standard  classic  of  the  farm  practice  of  the  country.  We  l>elieve  that 
It  will  be  found  that  it  has  no  compeer  among  the  many  works  at  present  in  existence.  .  .  .  The 
tllostrations  are  admirable,  while  the  frontispiece,  which  represents  the  well-known  bull.  New  Year's 
Gift,  bred  by  the  Queen,  is  a  work  of  OiTt."— The  Times. 

*'  The  book  must  be  recognised  as  occupying  the  proud  position  of  the  most  exhaustive  work  of 
reference  in  the  English  language  on  the  subject  with  which  it  deals." — Athenaum. 

**  The  most  comprehensive  .^uide  to  modem  farm  practice  that  exists  in  the  English  language 
to-day.  .  .  .  The  book  is  one  thac  ought  to  be  on  every  farm  and  in  the  library  of  every  land 
owner."— l/ar^k  Lane  Express. 

**  In  point  of  exhaustiveness  and  accurac);  the  work  will  certainly  hold  a  pre-eminent  and  unique 
Poaition  among  books  dealing  with  scientitic  agricultural  practice.  It  is,  in  fact,  an  agricultural 
ubrary  of  itself."— Nor/A  British  Agriculturist. 

*'  A  compendium  of  authoritative  and  well-ordered  knowledge  on  every  conceivable  branch  of 
the  work  of  the  live  stock  farmer;  probably  without  an  equal  in  this  or  any  othei  country." — York- 
shire Pott, 

"The  best  and  brightest  guide  to  the  practice  of  husbandry  :  one  that  has  no  superior — no  equal 
we  might  truly  say — among  the  agricultural  literature  now  before  the  public.  ...  In  every  section 
in  which  we  have  tested  it,  the  work  has  been  found  thoroughly  up  to  date."— BW/'s  Weekly  Mes- 
unger, 

British  Farm  Live  Stocli. 

FARM    LIVE    STOCK    OF    GREAT    BRITAIN.     By   Robert 

Wallace,  F.L.S.,  F.R.S.E.,  &c.,  Professor  of  Agriculture  and  Rural  Economy 
in  the   University  of  Edinburgh.     Third    Edition,  thoroughly    Revised  and  con- 
siderably  Enlarged.      With  over  120  Phototypes  of   Prize   Stock.      Demy  8vo, 
384  pp.,  with  79  Plates  and  Maps.     Price  I2j.  6d.,  cloth. 
••  A  really  complete  work  on  the  historv,  breeds,  and  management  of  the  farm  stock  of  Great 

Britain,  and  one  which  is  likely  to  find  its  way  to  the  shelves  of  every  country  gentleman's 

library."— TA*  r»m«. 

"The  latest  edition  of  •  Farm  Live  Stock  of  Great  Britain  *  is  a  production  to  be  prond  of,  and 
its  issue  not  the  least  of  the  services  which  its  author  has  rendered  to  agricultural  science  "— 
Scottish  Farmer. 

••The  book  is  very  attractive.  .  .  .  and  we  can  scarcely  imagine  the  existence  of  a  farmer  who 
would  not  like  to  have  a  copy  of  this  beautiful  and  useful  work  "—Afar*  Lane  Express. 

••  A  work  which  will  long  be  regarded  as  a  standard  authority  whenever  a  concise  historv  and 
deacription  of  the  breeds  of  live  stock  in  the  British  Isles  is  required."— JBW/'i  Weekly  Uesunger, 


Dairy  Farming. 

BRITISH    DAIRVINQ  :    A  Handy  Volume  on  the   Work  of  the 

Dairy-Farm.  For  Ihe  Uie  of  Technical  Inslniclion  Classes,  SludenK  in  Api- 
ciillural  Colleges  and  the  Wotkint  Dairy-Farmer.  By  Prof.  J.  P.  SaU-MS, 
With  Illusts.    Second  Ediiion,  Revised.     Ciavti  Svo,  zs.  6d.  dottt.ljfiui pMM. 

"  ConfideniLy  recommsrided  u  a  useful  leit-book  on  dairy  brmiog.  —AgnialhinU  OUM. 

"PrcbjibiT  Iks  beil  half-crown  manasl  on  dairr  work  Ibal  bas  ;et  bean  pradaotd-'-NvIt 
Btiliih  ^gtinUtunii.      "  U  is  ilie  souDilest  liille  nock  «b  have  jtt  ssen  on  the  subjed."— Tb  THn 

Dairy  Manual. 

MILK.  CHEESE,   AND  BUTTER:    A  Practical  Handbook w 

rheir  ["roperlics  ami  the  Pioce«e5  of  their  rioduclion.  IndndiDg  a  Chapter M 
Cieam  anrl  \lie  Mrthods  of  its  Separation  from  Milk.  Dy  |OHN  OLIVER,  Ule 
rn.,.  1,  ,!  ■■;"  I  ^V,.,tcrn  Dairy  Institute,  Berkeley.  Wkh  Coloured  Plilw  ini 
2..    :.:  I  iiivin  Svo,  7i.  6i/.  clolh. 

"  \  <irlv  prnduciinn.     Ii  may  be  canJIallT  nconQendtd  lt>  all  itwintt—i 

pr.>--tir.       r      I  -V.B.At"cullaritl. 

Agricuitural  Facts  and  Figures, 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  AND  FIGURES 
FOR  FARMERS  AND  FARM  STUDENTS.  By  pRtMROsE  McCoNNUi. 
B.Sc     Kifih  Edition.      Royal 32010,  roao,  gill  edECs,  with  band,  41. 

igriculliirB.'— A'orl*  flniiiA  Atnmittital. 

Small  Farming. 

SYSTEMATIC  SMALL  FARMING  ;  or,  The  Lessons  of  roffaa. 
Being  an  Inlroduclion  10  Modem  Fami  Practice  for  Small  Farmers.     By  R.SCOW 

Burn,  Author  of  "Outlines  of  Modern  Farming,"  *c.      Crown  8tO,  61.  doft. 
it<dmthpi«!Urt,«ntn.c«fta°aguidt.''— 'jFVWrf.     ''**"°'"    """'  "    •'")""■ 

Modern  Farming. 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn.  Soil*. 
Manures,  and  Crops — hamiiog  and  Farming  Economy— Cattle,  Sheep,  and  Hon*- 
Managemenl  of  LUiry,  Pig-*,  and  Pouliry— U I i ligation  of  Town-Sewage,  \iiiV^^ 
&c.    Sixth  Edition.     In  one  vol.,  1,250  pp.,  half.bound,  profusely  lilnitrtui  '"' 

Agricultural  Engineering. 

FARM   ENQINEERINQ,  THE  COMPLETE  TEXT-BOOKOF. 

Comprising  Draining  and  Embanking ;  Irrigation  and  Water  Supply  i  ftj* 
Roads,  Fences  and  Gales;  Farm  BuiWinp;  Bam  Implements  and  Machines ;  F"* 
Implements  and  Machines  ;  Agricultural  Sur»eying,  &c.  By  Professor  JoHK  ScoH' 
In  one  vol,.  1,150  pages,  half-bound,  with  over  60a  11  lustrations,  \ii. 

Agricultural  Jext-Bcik. 

THE   FIELDS  OF  GREAT  BRITAIN:  A  Text-Book  gf  Agiieol-    » 

lure.  Adapted  to  the  Syllabus  of  ihr  Science  and  Ait  Department.   For  ElemedW    ll 
■nd     Advanced    Students.        By    Hugh   Ci-EMENTS   (Board  of  Tride).      Smm 
Edition.  Revised,  with  Additions.     iSmo,  xi.  6,1.  cloth. 
■'  ll  i!  a  long  lime  lince  we  have  leen  a  book  which  bai  pleiied  ui  mor.,  ot  «h.ch  conl»«t  ■«•  • 
vail  and  uitful  fund  of  knowlcds:."— A'JudOiu/  Timti. 

Tables  for  Farmers,  &c- 

TABLES  AND  MEMORANDA  FOR  FARMERS,  GRAZIERS' 

Agricuilural  Students,  Surveyors,  Land  Agents,  Auctioneers,   &c.     With  *  NMf 

System  of  Firm  Book-keeping.    By  Sidnev  Francis,     Third  Edition,  Rerisei 

372  pp. ,  waistcoat-pocket  sire,  limp  leather,  \s.  6d, 

•■  WelgUiog  less  than  1  01.,  and  occupying  no  more  spaco  Iban  a  much  l«i.  ii  containi  ■  mm  « 

faca  and  calculaliona  which  has  never  teioie.  in  such  bandy  form,  been  oblainable.    E-eiyopB* 

Han  Ob  ihe  farm  is  dealt  wiib.    Tbe  work  may  be  laken  31  Ihoroughly  accurate,  xbo  whoiroIlM 

ubies  having  b«n  revised  by  Dr.  F ream.    vVe  curdially  lecommcad  u."— fiiU't  ir<>%  jrouiC' 
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Agricultural  Experiments. 

THE  ROTHAMSTED  EXPERIMENTS  and  their  Practical  'Les- 
soHsfut  hini.e,i,    I'ari  I.  Stock.     I'ait  II.  CKt.i'S.    Uy  (J.  J.  K.Tippbr,   Ciiiwn 

Artifioial  Manures  and  Foods. 

FERTILISERS  AND  FEEDING  5TUFFS:  Their  Properties  and 

Uses.     A  HamlOuuk  foi  ilie  PracUCLiI  rimer.      Hy  UkhNard  DvtH.  D.Sc.  (Lond,). 
With   ihe  TB«t  ..t  tlll:Fe^[iIi.^e[i  and   Fecdinu  Slulfi  Acl   of  1893,  Sie.      Second 
■o,  ij.  dotli.  IJuslfuiliihid. 


Kdiii 


,  Revised. 


The  Management  of  Bees. 

BEES  FOR  PLEASURE  AND  PROFIT:  Guide  to  the Manipula- 

lionuf  Beis.lhel'toilucliuiiof  Honey,  and  (he  General  Management  of  the  ApUry. 
By  G.   (io«ii.iN    Samson,      With  numeruus  Illud  "  ...... 

Farm  and  Estate  Book-keeping. 

BOOK-KEEPING  FOR  FARMERS  AND  ESTATE  OWNERS. 

A  l-raciical  Vieaiiae.  pceseniin^.  m  Three  I'lans.  a  S,s;™ idaoied  for  all  Chsse.  of 

Pjr  joH^5tlN  M.   Woodman,   ChaiiereJ  Aecomitam.     Second  Edilion. 

ReviieiJ.     Crown  Svo.  31  fat.  cloih  boards  :  or,  ii.  6.1.  cloth  limp. 

I  Account  Book. 
\  WOODMAN'S  YEARLY  FARM    ACCOUNT    BOOK.      Giving 

I  Weekly  Labour  Account  and  Duirf,  and  showing  the  Income  and  Expeadilure  under 
Jt  Uepartment  of  Crops,  Live  Stock,  Ddry,  Sx.  Sx.  With  Valumion,  Profit  and 
m  Account,  and  Balance  Sheet  at  the  end  of  the  Year.     By  Johnson  M.  Wood. 

I  HAK,  Chartered  Accounlant.     Second  Editioii.      Folio,  half-bound.  7^.  &/.  net. 

Early  Fruits,  Flowers  and  Vegetables. 

THE  FORCING-GARDEN;  or,  How  lo  Grow  Early  Fruits,  Flowers, 

and  Ve|ietable!i.  With  Plj.ni  and  Esiimatci  for  Building;  Glasihousei,  Pits  and 
Frame,.     With  lUustiaticns.     By  Samitl  Woi.l,.     Crown  Svo,  3-.  6/  doth. 

Good  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING;   or.  How  to  Grow 

Vegetables,  Fruits,  and  Flowers.     By  S.  ^^'0O[J.     Fourth  Edition,  with  considerable 
Additions,  £:^,  and  numerous  Illustrations.     Crown  Svo,  3/1  &/.  clolh. 
"A  very  (ooilboDk.  und  one  [d  be  highly  recomdiEDdcd  Mapiaclical  jpiiilc.    Thi  praccicJ  dtrcc- 

Qatnjul  Gardening. 

PMULTUM-IN-PARVO  GARDENING;  or.  How  to  make  One 
Acre  of  Land  fiioduce  £(110  a<year,  by  the  Culiivaiioo  of  Fiuili  and  VeEelable^  ; 
«IbOi  How  to  Grow  Flowers  in  Three  Glass  House*,  so  us  to  realise  ^176  per  annum 
dear  Profit.  By  SAMfEi.  WuoD,  Author  of  "tiuod  liatilening,"  Slc.  Fifth  and 
Cheaper  Edition,  revised,  wiih  Additions.     Crown  Svo.  is.  sewed. 

dvfivr,  but  la  (h«  Diarkei  ^rrower-"— Jfircf/'ifrj'  Majrasivr. 

Gardening  for  Ladies. 

THE   LADIES'   MULTUM-IN-PARVO  FLOWER   GARDEN, 

and  Amateur's  Complete  Guide.     By  S.  Wood.    Crown  Svo,  31.  6J,  cloth. 

Cultiaalion  of  the  Potato, 
i  POTATOES  :   How  to  Grow  and  Show  Them.     A  Practical  Guide  to 

I  Ihe  Cultivation  and  General  TrentmenI  of  the  I'uialo.      By  J,  PINK.     Cr.  Svo,  i,. 

lrA«t  Gardening. 

(market   AND   KITCHEN   GARDENING.      By  C.  W.  Shaw, 

e  Editor  of  "Gardening  Illustrated."     y.  &/.  c 


I 


CROSBY  LOCKWQOn   &•  SONS   CATALOGUE. 


Auctioneer's  Assistant. 

THE     APPRAISER,    AUCTIONEER,     BROKER,    House  and 

Estate  Agcnl  and  Vnluei's  I'uckct  Assislaiil,  foe  the  VoluEitiua  Sot  Purcbase,  Site, 
or  Renewal  of  Leases,  Annuities  and  Reversions,  and  of  property  generalljf ;  wiUi 
Prices  (or  Invcnioiks,  &c.  By  John  Wkeeleb,  Valuer,  Sec.  Sixth  Edition,  R^ 
written  and  greatly  Extended  by  C.  NOKKis,  Surveyor,  Valuer,  Ice.  Royal  juo, 
5J.  cloth. 

For  iDY«nlar>E«4  and  a  very  praclicAt  guidt  ta  detcmuDc  the  value  of  furDJuire.  Ac-'^^^St^Mdvii. 

"CanLuiualarcequiLiiIity  of  varied  and  lueful  LDlDrnuDDD  u  to  the  valiutiDn  f^r  purcbaie.  uk;  H 
renewal  of  leaaca.  annuiEJei  and  revpriian-i.  and  of  prnpeny  EUirnUy.  *iLh  prices  for  inventoria,  nd  ■ 

Auctioneering. 

AUCTIONEERS:    THEIR   DUTIE5   AND   LIABILITIES.   A 

m  and  Counsel  for  ihe  Voung  Auciionecr,    by  KoueuT  SqUIBI^ 
""'    I,  Revisedand  partly  Ke-wrilten,    Demy  Svo,  til.tiA 


••  May  l»  recDcDmaDded  as  elvlne  a  great  deal  at  taformatloo  on  Ihe  law  relalloE  lo  anisMPeA 
In  a  very  fcadable  lorm.'-— ^uv  Jbhi^oI 

"Auctlonesn  niaylie  cgngialolated  on  having  90  pleating  awrilertD  luinlueT  w  Uialr  V*du 
need!.''— Sodiilon'  JaurHol. 

InwQod's  Estate  Tables. 

TABLE5  FDR  THE  PURCHASING  OF  ESTATES.  Freehold, 
Copyhuld,  M  Leasehold;  Annuitie-,  Ailvowsons,  Ac,  and  (or  the  Renewini  "* 
Lei-sea  held  under  Cathedral  Churches,  Colleges,  or  other  Corporate  bodie*,  ta 
Terms  of  Years  certain,  and  far  Live*  ;  also  for  Valuing  Reversionair  E*UII«i  ^ 
ferred  Annuitie*,  Next  Preseniaitons,  *c.  ;  together  with  Suaht's  Five  Tabte " 
Compound  Ititeresl,  and  an  Extension  of  the  same  to  Lower  and  IntennediaU  Riti*- 
By  W.  INWOOD,  34th  Edition,  with  conuderable  Additiotis,  and  new  «m1  tl** 
ahle  Tables  of  Logarithms  for  the  more  Difficult  Compulations  of  the  loteted  '^ 
Money,  Discount,  Annuities,  &c.,  by  M,  FtooB  Thoman,  of  the  Sociili  CiW 
Mobilier  of  Paris.     Crown  Svo,  &.  doth. 

" 'InwocS't  Tables '  utill  nuintain  a  moit  enviable  reputation,    The  new  iuue  bis  been  tniichri  ^ 

Agricultural  Valuer's  Assistant. 

THE  AGRICULTURAL  VALUER'S  ASSISTANT.  A  Pridcil 
Handbook  on  the  Valuation  of  Landed  Estates;  including  Rules  «nd  DalifK 
Measuring  and  Lstimaling  the  Contents,  Weights  and  Vjues  of  Agricullunl 
Produce  and  Timber,  and  the  Values  of  Feeding  Stuffs,  Manures,  and  Laboot: 
with  Forms  of  Tenant-Rjght  Valuations,  Lists  of  Local  Agricultural  CustapU, 
Scales  of  rompensation  under  the  Agricultural  Holdings  Act,  &c,  &c.  By  ToK 
Bright,  Agricultural  Surveyor.  Second  Edition,  Enlotged.  Crown  Svo,  y.  doib. 
"  Full  nf  tables  and  triBoii^es  in  connection  with  the  valuation  of  lenaal-righi,  eitaie,,  Utour,  w 

Plantations  and  Underwoods. 

POLE    PLANTATIONS   AND    UNDERWOODS:     A  PractW 

Handbook  on  Estimating  Ihe  Cost  of  Forming,  Renovating,  Improving,  andGnibbiig 
Plantations  and  Underwoods,  (heir  Valuation  for  Purposes  of  Transfer,  Rental, 
Sale  or  Assessment.      By  Tom    Bright.      Crown  Svo,  3J.  6i/.  cloth. 
'■  Well  calcu'laied  10  asBJ^  the  valuer  in  Ihe  discharge  of  his  duties,  and  o(  Bodagbted  i^uml 
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tfffo/i'9  Land  Valuer's  Pooket-Book. 
THE  LAND  VALUER'S  BEST  ASSISTANT :    Being  Tables  on 

a  very  much  improved  Plan,  for  Calculating  the  Value  of  Estates.     With  Tables  for 
reducing  Scotch,  Irish,  and  Provincial  Customary  Acres  to  Statute  Measure,  &c. 
By  R.  Hudson,  C.E.     New  Edition.    Royal  32mo,  leather,  elastic  band,  4s. 
"  Of  iocalcolable  value  to  the  country  geotlemaii  and  professional  man." — Farmers*  y^mrmU, 

mart's  Land  lmprover*8  Pocket-Book. 
THE  LAND  IMPROVER'S  POCKET-BOOK  of  Formula,  Tables, 

and  Memoranda  required  in  any  Computation  relating  to  the  Permanent  Improve- 
ment of  Landed  Property.    By  John  Ewart,  Surveyor.    Second  Edition,  Revised, 
Royal  32mo,  oblong,  4J.  leather. 
**  A  compendiousand  handy  little  volume." — S^ctattn. 

mplete  Agricultural  Surveyor's  Pocket-Book. 

THE  LAND  VALUER'S  and  Land  Improver's  Complete  Pocket- 
Book.     Being  the  above  Two  Works  boimd  together,     js.  6d,  leather. 

use  Property. 

HANDBOOK  OF  HOUSE  PROPERTY:  A  Popular  and  Practical 

Guide  to  the  Purchase,  Mortgage.  Tenancy,  and  Compulsory  Sale  of  Houses  and 
Land,  including  the  Law  of  Dilapidations  and  Fixtures :  with  Examples  of  all 
kinds  of  Valuations,  Useful  Information  on  Building  and  Suggestive  Elucidations 
of  Fine  Art.  By  E.  L.  Tarbuck,  Architect  and  Surveyor.  Fifth  Edition, 
Enlarged.    i2mo,  5^.  cloth. 


LAW   AND   MISCELLANEOUS. 
imalism. 
MODERN  JOURNALISM :  A  Handbook  of  Instruction  and  Counsel 

for  the  Young  Journalist.  By  John  B.  Mackie,  Fellow  of  the  Institute  of 
Journalists.     Crown  8vo,  2s.  cloth. 

This  invaluable  guide  to  journalism  is  a  work  which  all  aspirants  to  a  journalistic  career  will  read 
,  advantage.'* — j9umaU*t, 

vate  Bill  Legislation  and  Provisional  Orders. 
HANDBOOK  FOR  THE  USE  OF  SOLICITORS  and  Engineers 

Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders,  for  the 
authorization  of  Railways,  Tramways,  Gas  and  Water  Works.  &c.  By  L.  Living- 
ston Macassey,  of  the  Middle  Temple,  Barrister-at-Law,  M.InsLC.E.  8vo, 
255.  cloth. 

V  of  Patents. 

PATENTS    FOR    INVENTIONS,  and   How  to  Procure  Them. 

Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By  G.  G.  M.  Harding- 
HAM,  Assoc.Mem.Inst.C.£.,  &c.     Demy  8vo,  is.  6J.  cloth. 

)our  Disputes. 

CONCILIATION  AND  ARBITRATION  in  Labour  Disputes :   A 

Historical  Sketch  and  Brief  Statement  of  the  Present  Position  of  the  Question  at 
Home  and  Abroad.  By  J.  S.  Jeans,  Author  of  "  England's  Supremacy,'*  &c. 
Crown  8vo,  200  pp.,  zr.  6d.  cloth. 

)ket-Book  for  Sanitary  Officials. 
THE  HEALTH  OFFICER'S  POCKET-BOOK:  AGuidetoSani- 

tary  Practice  and  Law.  For  Medical  Officers  of  Health,  Saniury  Inspectors, 
Members  of  SaniUry  Authorities,  &c.  By  Edward  F.  Willoughby,  M.D. 
(Lond.),  &c.     Fcap.  8vo,  ^s,  6d,,  cloth. 

'  A  mine  of  condensed  information  of  a  pertinent  and  useful  kind  on  the  various  sabtectt  of 
h  It  treats.  The  matter  seems  to  have  been  carefully  compiled  and  arranged  for  facUhv  of 
ence,  and  it  Is  well  illustrated  by  diagrams  and  woodcuu.  The  different  subjects  are  snccinctlv 
Bllj  and  scientifically  dealt  with."— T/i*  Lancet,  ^^^ 

'  Onffht  to  be  welcome  to  those  for  whose  use  it  is  desired,  since  it  practically  bolls  down  a 
•nee  library  into  a  pocket  volume.  ...  It  combines,  wito  an  uncommon  de^ee  (MT  effidfeacv 
uatities  of  accuracy,  conciseness  and  comprehensiveness."— SmMnmm.  '* 


4S  CROSBY  LOCKWQOD  &■  SOX'S  CATALOGUE. 

A  Complets  Epitome  of  the  Laws  of  this  Country. 

EVERY  MAN'S  OWN  LAWYER:  A  Handy-Book  of  the  Prin- 
ciples of  Ijw  nnd  Equiiy,  Willi  a.  Concise  Diclionary  of  Legal  Termi.  ByA 
BARBiiiTER.  Thirty -lou  I  til  Edition,  corefully  Revised,  and  indading  NcwAcUof 
Parliament  of  1896.  Comprising  ihe  LKomotirei  an  Higkuiay!  Act,  iSjA.  amfii- 
ingtht  lam  la  mcei  the  cast  0/ the  iVtw  Motor  Carl  ar  Harstltu  Catriaef  • '*' 
FiKtmtt  Act,  i8g6 ,-  the  AgricuUnral Rates  AH.  1896 :  ike  Cenitiiatian  Ait.  1896.  '^f 
Truck  Atl,  i8g6;  the  U^l  Railways  Act,  1806;  Iht  yiuHiial  Tnutets  Atl.ii'f>: 
M(  Vexmieut  Aeliem  Att.  1896;  (**  IVild  Birds  Prate<tion  Alt.  1896;  thtLn- 
dm  Cai  Act,  1S96,  Ac.    yudseial  DitiHtni  anting  the  year  kavt  alst  Urn  Mj 

,        noted.     Crown  Hvo,  750  pp.,  price  bs.  %d.    (saved  at  every  consultation  I).  »ra«elT 
bound  in  dolh.  \yiul  patlahci. 

*,'    Iht  Beck  will  lie  found  Iteompiiii  (aiiienxil  other  matlir}— 

Thb  Hir.HTS  AND  Wbongs  of  Individuai-s — Landlord  amd  Tbkwi— 
Vendors  and  PuittHASF.iis  —  Lkases  and  Moktgages  —  Principal  aSO 
Agrnt  —  Partnessmip  and  Companies  —  Masters,  Servants  anu  Won- 
MEN — Contracts  and  Aorkemests — Borbowers,  Lenders  and  Sfumt- 
Sai.e  and  Purchase  of  Goods  —  Cheijues,  Bills  asd  NoTts  —  Bills  of 
Sale  — Bankriptcy  — Railway  and  Shipping  Law—  Life,  Fire,  asp 
Marine  Insurance — Accident  and  Fidelity  Insurance— Criuinal  Law- 
Parliamentary  Elections  —  County  Councils  —  District  Coi'wciu— 
Parish  Councils— Municipal  Cob po rations— Libel  and  Slandsr— PfBLK 
Health  and  Nuisances  — CorVBioHT,  Patents,  Trade  Marks  — Husbaso 
AND  Wipe  —  Divorce  —  Infancy  —  Custody  of  Children  —  Trustees  akIi 
Executors  — Cleruy,  Churchwardens,  etc.— Game  Laws  and  SpoetiSO- 
Innkeepers  —  Horses  and  Dogs  —  Taxes  and  Death  Duties  —  Foims  "f 
Agreements,  Wills,  Codicils,  Noiices,  etc. 

t^  The  ehJKt  of  this  vierk  is  to  tnabte  these  vrkt  censult  it  to  htlfi  liamehi'  ft 
the  law  ;  and  thereby  ta  Uilptnse.  as  far  as  fosiible,  viith  pro/eisianal  aisistana  W 
advi<t.  There  are  many  wrangs  and  gtirvances  which  persons  iuhmtl  to  from  li"'" 
limi  Ihrmgk  not  hfamng  hew  or  where  to  aptly  for  redress  ;  and  many  persons  hoM  " 
great  a  dread  of  a  laser's  office  as  of  a  Iten'i  deit.  Witk  this  took  at  Aand  it  it  btlin^ 
that  many  a  Six- AN D-ElGHT PENCE  may  be  saved;  many  a  isronf  rrdrtised ;  mtnjn 
right  Ttciainied ;  many  a  law  suit  avoided ;  and  nuny  an  tvH aiated.  TSewori^' 
estailiihed  itself  as  the  standard  legal  Oilviier  of  all  classes,  and  has  also  made  a  rifM- 
tionfor  ilielfas  a  useful  booh  of  rtfennci  for  lawyers  rtsidtng  at  a  distance  frovi  If 
litraries,  who  are  glad  to  have  at  hand  a  work  embodying  recent  diciiioissandenaitin*"' 


''  Ktigli-*- 


•  Opinio 


■jtiihUwyen-  bilU."— Wivi/f  r:« 
I  Knijlish  Hut."— flioi'f. 


■~Sf^-l^ 


Legal  Guide  for  Pawnbroiiers. 

THE  PAWNBROKERS',  FACTORS',  AND  MERCHANTS' 
UUIDE  TO  THE  LAW  OF  LOANS  AND  PLEDGES.  With  ihe  Siwuio 
and  a  Di^jeH  el  LJ.iC:..      liy  H.  C.  Fui.K.VKD,  Baj-risler-al-I.aw.      31.  6d.  elolh. 

The  Law  of  Contracts. 

LABOUR   CONTRACTS:    A  Popular  Handbook  on  the  Uw  of 

Conltacii  fnt  Woik5  and  Services.  By  DAVID  GiBUONs.  Fourth  Edilioo,  wiA 
Appendis  of  Slalulei  by  T.  F.  UttleV,  Solicitor.    Ftap.  Svo,  p.  fid,  cloUl. 

The  Factory  Acts. 

SUMMARY    OF    THE   FACTORY  AND   WORKSHOP  ACTS 

(1878-18911.  For  ihe  Use  of  Manuficlurere  and  Managers.  By  Emih  GaKCU 
andJ.M. Fells,     (Reprinted  from  "Factobv  Accounts.")    Cr.  8»o,  id.itmti. 
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CIVIL  ENGINEERING  &  SURVEYING. 
Civil  Eng-ineeping'. 

By  Henrv  Law,  M.  Insi,  C.E.  Including  a  Treaiise  on  Hydraulic  ENCINmilKi 
by  G.  R.  BUkNELL,  M.tC.E.  Seventh  Ediiion,  tevijed,  with  Large  AdditiMWOM 
Recent  Practice  by  D.  Kinnear  Clark,  M.  Insi.  C.E.        8/6,  cloih  boudi  7/6 

Pioneer  Eng^ineepln^^. 

A  Treatise  on  the  EngineeiinB  Operations  connecicQ  vridi  ihe  Seillemeni  of  Wide 
Landi  in  New  Couniries.       By  E.  DoBSON.  A.I.C.E.     ijec'.nd  Edilion        .         .     418 

Iron  Bpldges  of  Modepate  Span: 

Thuit  Cuniiru^ii.in  and  Eieciun.      B«  H.  W.   HiiNiJBEP.     Wiih  40  illusmtioM    fl/0 
"SludtnU  Md  c.-e...«rs  ihMU  -biiin  this  L^oli  (or  ci.Q«anI  mni  praclicj  UK."-C.tf<rryCl>«S-. 

A    Treatise    on    the    Application    of    Iron    to   the 
Constpuction  of  Bpid^es,  Roofb,  Sc  othep  Wopk& 

By  Francis  L'ampiN,   C.E,       Fourth  £ill  11  on  ......    ^ 

Constpuctional  Ipon   and  Steel  Wopk» 

Asappliedio  Pubiic,  Phva(e,and  Domestic  Buildings.   ByFRANCisCAMrm  CE.    SI9 

Tubulap  and  othep   Ipon  Gipdep  Bridges. 

" ■-■ ■-      "  ■--       J  and    Connav   Tuhuia-   Bridges.      Wtih  &  SfcHdi  el  liot 

-      -    DKJlPSiV.  CE.     Fourili  Ediiion  .        .    Bfi 


Matepials  and   Constpuctton. 

A  Theoretical  and    rr^tciical    Tnuiisc   on   ihi    Stnuoi.    Detigning,  tai  BieedH 
WorLs    □!    CJuiJStiuciJOn.       By   FkaNCIS    Caupin.  C.E.       ffnnd   Ediiloa     .    S 

Sanitary  Work  In  Small  Towns  and  Villaffeai        * 

By  Charles  Sf.agg.  Assoc.  M.  Inst.  C.E.     Second  Edition.  EnLu^ed     .        .    I|0      | 
"Thliuaveiy  uieful  boa't.     Thtie  I>  a  gmi  deal  of  woili  required  la  be  done  ■>  th«  tBiBv  )•■■' 
nnil  vlllngu.  Olid  ihii  liiili  i-dIuioe  will  belp  Ihoie  who  ue  willing  10  da  iC—Bniliitr. 

ConstPUQtlon  of  Roads  and  Streets. 

In  Iwu  Pans:    1.   Thb  .4rt  ok  CONSTRUCTING  Common  RoAtis.  Iqr  H,  Law,CKi 
Rrvised    by    D      Kinnbar     Clark      C.E.;       IL     Recent    Pbactick  :     '"  ' 
PavrmentfiolSione.  Wood,  and  Asphalw.       By  D.  K.  Clark.  CK. 
"  A  book  wliich  tvtrf  borouih  nirviyur  anJ  englnnt  niu^^t  poum.  ond  «bich  oOl  be 

Construction  of  Gas  Works, 

Andihe  Manufacture  and  Dislribulion  of  Coal  Gas.     By  S.  Hughcb,  C.E.     ke-witll* 

by  William  Rfch.ihds.  C.E.      KiEhih  Ed'lion  wilh  impofimil  Additions        .     Bfl 

Water  Works,  for  the  Supply  of  Cities  and  Towns. 

With  a  Dewripiion  of  the  Principal  Geological  Korroati.jns  of  linijlana  Hi  influcnoK 
Supplies  of  Water.      By  SAMUEL  HUCIIES  ........     W 

•ruer  ihoJd  TeMI   °hi»    b^li.-^*^^/U  ?«?«"*"'  "  °  ' 

Power  of  Watep. 

Ai  applied  to  dnve  Flour  Mills,  and  lo  give  n 
Engine..      B^  |oseph  Glvnn,  F.B.S..  *Ci 

Wells  and   Well-Sinking. 

BvJ.  G.  SwiNDELi.,   A  R.I.D.A.,  anJ  G.  K.  BUK^ 
'■Sali,rp.3ctit9l  i»r„,mBt^on.  ^iaen  in  .  LODc.»  u>d  lu^i 

Drainag:e  of  Lands,  Towns,  and  Buildings 

Bj  G     LJ    Dk-MPBEV,    C.E.       Rensed.    «ilh    large   Additions   on    kreent  ftMlke  • 
Drainage  Engineering,  b»  D.  Kjnneas  Clark.  M.LC.E.     Thud  EditloQ  *B 

Embanking  Lands  Tpom  the  Sea. 

With     Examples    and     Parliculats     of    actual     Embankments.     Ac:           By    Jo"* 
Wtggiks.  F.G.S. ft* 


r  WEALE'S   SCIENTIFIC   AND   TECHNICAL  SERIES.  51 

Blasting"  and  Quappying:  of  Stone, 

For  BuiidinK  and  oihcr   PuriJOiCi.      Willi  Reuuuks  on  ihe   BiQwing  up  of  Bridges. 
By  Gun.  SirJ.  BUKGUVNE,  K.C.B Jj8 

Foundations  and  Concpete  Wopks. 

With  Praciical  Remarks  on   FooiiiigB,  Planking.  Sand.  Concrete,   B^ton.  Hle-drivine, 
Caissons,  and  Coffsr  da  mi.      By  E.  UoBSoK,  M.R.I. B.A.     So-fnlh  Edition        ,      1/8 

Pneumatics, 

Including  Acouslics  and  Ihe  Phenomi-ntt  of  Wind  CuitenH,  for  ihe  use  of  Beginneo. 
By  Charles  TOULINSON.  F.R.S.     Fourth  Edilion.  enlaised.     liiubiraied         ,      1/6 

Land  and  Engflneeping^  Supveyine. 

For  Siiidenis  and  PraciLcal  Use.      Bv  T.  Baker,  C.E.     Tifle< 

eonecled  by  J.    R.    YoUno.     formerly    Professor  of    Mathemaiics,   Bdfist  College 

aiusiratcd  witfi  Plates  and  Diagrams SjO 

Mensupation  and  Measuplng:, 

With  the  Mensuraiiun  nncl  Levelling  of  Land  10.  ihe  purpos«  of  Modem  EngioeeiinK. 
By.T.  Baser,  C.E.     New  Ednwn  by  E.  NugkNt,  Ce 1^ 

W  MINING  AND   METALLURGY. 

Minepalogy, 

RndimGatsor.     By  A.  RaUsAV,  F.G.S.     Third  Edilion.     Woodcuts  and  Ptatea.     8/6 
"The  auchcf  Ehrou^hout  h^s  di^plnyed  an  iniimare  knowltdgc  of  hU  lubJFcI,  and  gnai  fuillly  m 
impATliniE  thjl  knowlelge  to  aiheit.     Tbc  book  iiof  gtcU  utility.' — MiHiHff  Jsunhil. 

Coal  and  Coal  Mining', 

A  Rudimentary  Treatise  on.       By  the  la.te  SirWAHiNCTON  W.  Smvtk.  M.A,  F.R.S., 
Ac.  Chief  Inspector  of  lh«  Mines  of  Ihe  Crown,     ^\h  Edn.,  revised  and  enlarged    3/8 


Metallupgy  of  Ipon. 

Containing  H  istory  of  Iron  Maaufaciure,  Methods  of  Assay,  and  Analvses  of  Iron  Om. 

Processesof  Manufacture  of  Iron  and  Sleel,  &c     ByH.  BaUEHMAN,  F.G.5.,  A.R.S..M. 

With  numcrora  lUusiraltons.     Sislh  Edilion.  revised  and  enlarged     .         .         ,      6/0 

'■Cuifuliy  vriucn.  ii  hu  llie  oirrit  of  brevity  and  cDncJKn™,  u  to  leu  imfuiiut  poinu  1  •thile  j>H 

nilnepal   Supveyop  &   Valuep*s   Complete  Guide. 

Comprising  a  Treatise  on  Improved  Mining  Surveying  and  ilie  Vatiiaiion  of  Miiuiiic 
Proper! iei,  with  New  Travel!*  Tablet.  By  W.  Unterh.C  E.. Third  F^diUoo.  vrilh  an 
Appendix  on  Majnetic  and  Angular  Surveying,  wilh  Records  of  Ihe  Peculiariiies  -A 
Needle  Dislucbancei.  Wilh  Four  Plates  of  Diagrams,  Plans,  Sc.  .  .  .  S/fl 
"Canlnini  miKb  vidu:il;le  infDnnaiian,  ind  it  thomkiglily  inaiiyiiini.y."—tnKb'C*mITraJaKtrirm. 

Slate  and  Slate  Quaprylngr, 

Scienlilic,  Praclical.  and  Commercial.    By  U.  C.  Davees,  F.G.S.,  Mining  Engineer.  «c. 
With  numerous  IllusltsHans  Jnd  Fnlding  Pl.iles.     Third  Edilion        .         .__       .      3/0 

A   Ffpst  Book  Of  Minings  and  Quappying^, 

With  Itie  Sciences  connected  thcieuith.  for  Primary  Schools  tad  SelJ-l nttructioa.     By 
_     J.  H.  COLUNS.  F.G.S.     Second  Edilion,  wilh  Additions 1/8 

Subteppaneous  Supveying^. 

By  Thomas    Fenwick.       Also  ihe  Mi:iliod  of  Conducting  Snbleitaneoui  Stirvey-i 
wilhoul  ihe  use  of  the  Magnelii:  Needle.  &c    By  T.  Bakrr.  C.E.     .        .       .     2/8 

Mining  Tools, 

Manu.-il  of.      By  WiLLiAU  Morgans,   Lecturer  on  Praclical  Mining  al  the  BriM.>l 
School  of  Mines  28 

Mining:  Tools,  Atlas 

,-..  1 .. —  ._   .11 .tj  aboi'c.  containing  235  Illustraiions  of  Mining      ool!.. 


.0  Scale.    410, 
OnmneB.  Capmlni,  MunMti 


'^M^ry  GaxnlUH. 
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Physical  Geology, 

Piitly  based  on  M.i'or-licntrnl  PoKTLOClc's  "  Rudiments  of  Geology."     B/  R*L 


Histopical  Geolog:y, 

Pirtiv  Iji^ed  OQ  Major-General  POKTLOCtt"s  "  Rudlmenu."    By  RALPH  Tat«  .    S/9 

Geology, 

pHViiiAi  niid  HISTOBICAI.  Conaisllng  of  ■'  Physical  Geology."  which  His  fonli  Ihc 
Leading  I'nneiples  ot  the  Science ;  and  "'  Hiilorical  Geology."  which  lte«U  of  U* 
Mineral  »nd  Oi^tiic  Coadiliona  of  the  Earth  at  each  successive  epoch.     By  Rjd,™ 

Tate.  f.G.S.     With  250  lllunralions 4J0 

"  The  nilne»  ot  the  miuirr  bu  ckvaied  ihc  bsok  iDia  a  nunnjil.    lu  ioFixmalian  <t  uksiiiliniHi' 
waU-unngcd,  u  iliu  any  lutijeci  may  biap^i^cil  upon  al  onix."-^^-IMtl  £tmr^  CMrmieit. 


MECHANICAL    ENGINEERING. 
Workman's  Manual  of  Eng^ineeping'  Drawing. 

ByJoH.s  MAXros,  l.isiruclor  m  Engintenng  Drawing,  Royal  Naval  College.  Gww- 
wich.     Seventh  Edition.     300  Plates  uid  Diagrams S/ft 

Fuels :  Solfd»  Liquid,  and  Gaseous. 

Their  Analysis  and  Valuation,  For  the  use  of  Chpmiits  and  Engineers.  By  H.  I- 
Phillips,  F.C.S.,  fonnerly  Analytical  and  ConsuUHj  Cbemisl  10  the  G«al  tiae™ 

Railway.     Second  Edition,  revised i:<> 

"Ouftit  10  havE  iu  placein  ihelabotalory  of  evciy  meulluijical  dUiiliibnient,  and  wlieiOTn lul >> 
■vdSD  ■  larjie  scale. "—CAcMus^jViiu. 

Fuel,  Its  Combustion  and  Economy. 

Consisting  of  an  AhridEment  cf  "  A  Trc.-.iiirf!  on  the  CoinlmsKon  of  Coal  and  I*' 
Preveniion  of  Smoke"  liy  C.  W.  Williams,  A.l.C.E.  Wilh  ejieiisue  Addili"™^ 
by  D,  KlNNKAR  Clark,  M.  Inst,  C.E.     Third  Edition,  corrected      .         .        .  .  S'S 

Boilepmakep's  Assistant 

In  Drawing.  Tcmplaimir.  and  Calculalire  Boiler  Work.  *c.  By  I.  CoiniTKf,''; 
Practical  Boiletmaker.     Edited  by  U.  K.  CLARK.  C.E.^   Third  Edition,  revised     lO 

ha»  oar  anquaUiicd  ap^iovaU    ScarLcly  a  pobit  bas  bceu  aatiiiai.^-'^^remMM  Enpiuir, 

Boilepmakep's  Ready  Reckonep, 

With  Exmnplei  of  Practical  Ueometjy  and  Templaimg  for  Ihe  Use  of  PUlen,  StiAltf' 

and  Riveters.     By  John  COkJUTNEV.      Edited  by  D.  K.  Clakk,  M.I.C.E.    .    41' 

■.*  Tkilaill-M)  H'orks  in  Omi  foi.,  lutl-baHnd,  tnliiUd  "  The   Boilekuakek'S  RUDT 

Bkckoner  ANCi  AssivfANT."    By  J.  CooBTNKV  and  D.  K,  Clark.     Prif   W 

"A  tnis:  uiefiil  work.     No  worknlan  or  apprEnULC  thuuld  be  wilhoul  It."— /rm  Trade  Cirnttr. 

Steam  Boilers. 

Their  ConstractisD  and  ManagemenL     By  R.  Armstrong,  C.E.     lUustraled  .     V^ 
"  A  mau  w  infocnuliun  niitable  fui  bcEimnas."— iVjux  oW  iff*. 

Steam  and  Maohinepy  Manas^ment. 

A  Guide  to  the  Arraniieiiient  and  Economical  Managemenl  of  Machinery,  with  Hlal"" 
Construction  and  Selection.     B^  M.  Powis  Dale.  M.  InsL  M.E.       .        .        .     ftv 
"  Gira  llie  iisulu  of  iride  »ipcri«nct "— i/^rf"!  Nt-j-iftfir. 

steam  and  the  Steam  Eng^ine, 

M/itionary  and  Portable.  Being  an  Exensiun  of  the  Treatise  on  the  Stmm  Ell|<M^' 
Mr.  J,  Sewbll.      By  D.  If.  CLAKK,  C.E      Third  Edition  .         ,      _  .        .    «* 

The  Steam  Ene^ine, 

A  Trsatise  ua  the  Miiihemaiical  Theory  of^  irilh  Rules  and  Exampla  (Or  PnclM 
Men.     By  T.  Baker,  CE.    ......._..  .1/* 

The  Steam  Eng'lne.  , 

For  ihe  use  of  Brginndrs,     By  Dr.  Lardn'ER.     lUiUtraled  ■        ■        ■       •    V^ 

Locomotive   Eng^ines. 

A  Rudimentaiy  Treaii:*.^  on.     Bv  G.  D.  DrmPBEV,  CE.     With  I  urge  Additions  nw^C 
«[  the  Modern  Locomotive,  by  D.  K.  CLARK.  M.  Insi,  C.E.     Vk'ilh  Illuslialiaoi    W 
"A  Bkodci  of  vhu  an  cixacnlwy  <c<^fiical  book  fbouid  bK^"^Acmdimjr, 


c 
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ZiOcomotlve  Eng'lne-Dpiving:. 

A  PniciicaJ  Manual  lor  Enginsen  ia  Chacge  of  LoMinolivt  Engines.     By  MiCHASL 
_   Rbtnolds,  M.S.E     Eifihlh  Edilion,     8/6  limp ;  eloih  boards  ,         .         .      4/6 

«*kMM*nKi'«rinthrptrfoJSSI!!™ofloco%ouvt%ngin'S.''— r-^^  "'"'      '  "»  «™T'™  * 

Stationapy  Eng:ine  Driving. 

A  Practical  Manual  lor  Enginfcrs  in  Charge  of  Slation«r>  Engines.      Bt  Michael 
Reynolds.  M.S.E,      Fourth  Edition.     3/6  limp :  cloth  boarits         .         .         .      4/6 
"The  author  il  thoroughly  acquamled  with  hil  mubjtcH,  nwl  bai  ptodoced  t  manuiL  which  Ii  ma 
rmalingiT  okTuI  one  foe  ihe  clui  for  uhom  il  ii  tpeaaUj  mianitd."— £11^1111  mug. 

Smithy  and   Fori^. 

Including  the    Farriers  Art  and    Coach  Smtlhing.      By  W.  J.  E.  Chanb.      ,      9/8 
"The  Krsi  modem  Engliih    book  on   Ihe  lubjtcl.     GreM   (siDl  have  been  bellowed  by  [ht  Ullblll 

Modern  Workshop   Practice, 

Aa  applied  10  Marine,    Land,  and   Locomoiive   Engines,  Floating  Dock*,  Drtdging 
Machines.  BridE".  Ship- Building,  Sc.     By  J.  G.  WiNToN.    4th  Kdn..  lUustraied     S/8 
■'Wieiber  for  ibe  apprentin  deiermined  10  mislei  hii  mifession,  or  foilheanijiui  beol  upno  noiiw 
li<m«lf  lorn  higlut  potiliDn.  ihu  cleaily.writtin  and  pnclical ualue  will  beagieu  bclp.~~SaOmtm. 

Mechanical  EnE^ineering*. 

Comprising  Metallurgy,  Moulding,  Ssting,  Forginj,  Tnol?.  Workshop  MocJiinery, 
Mechanical  Manipulation,  Manufacture  or  the  Steam  Engine.  &c  By  FRANCIS  Caupin, 
CE.     Third  Edition,    Re-uriiien  and  Enlarged  .         .        .  i/ait fuUhitd.      3/6 

"Auund  and  KTviceabls  lul-book,  quite  up  to  Amx*."— Building  Nim. 

Details  of  Machinery. 

Comprising  Insiruciions  (or  the  Execution  of  various  Works  In  Iron  In  the  FitliDg- 

■hop.  Foundry,  and  Boiler-Vard.      By  FkanCIs  CaupIN,  C.E 8/0 

"A  Kund  and  i>ru:tiol  handbook  for  all  eogaeed  In  Ibg  CDfineerini  litres.'— S*lUiHg  Wtrld. 

Elementary  Ensineering; : 

A  Manual  for  Voung  Nlarine  Engineers  and  Apprentices.  In  Ihe  Fonn  of  Qaestfotu 
and  Answers  on  Melals.  Alloys,  Strength  of  Maleriali.  Ac  By  J.  S.  BaEWSR. 
Second  Edition 1/8 

"  A  UKfal  iniroduction  to  the  more  elaboiue  lu t -books. "—^cirr.u..*.  ' 

Power  in  Motion : 

Horse-power  Mollon.  Toothed-Wheel  Gearing,  Lonf  and  Short  Driving  Bands,  Angular 
Forces.  *c     DyjAMES  Armour,  C.E.     With  73  Diagrams.     Third  Edition     .       S/0 
'■  The  value  of  ihe  knooledge  imputed  euniK  well  be  avei-eitimaied."— A'dwul/f  Wnib  Ckmi. 

Iron  and  Heat. 

Exhibiting  Ihe  Fnnciplcs  concerned  In  the  Construction  of  Iron    Eeams,  Pillars  and 
Girders,     fly  J.  Armouh,  CE       .         .        .  .  .        .  .3/6 

"  A  verj  uKful  ana  ihoroughlj  practical  llule  voloma."— J/toutf /«hm/. 

Practical  Mechanism, 

And  Machine  Tools.  By  T.  Baker,  C.E  With  Remarks  on  Tools  and  Machineni 
by  J.  Nasmvth.  CE a/6 

Mechanics. 

Being  a  concise  Exposition  of  the  General  Principle!  ol  Mechanical  Science,  and  Iheir 
■        Applications,    By  Charles  Tomlikson,  F.R.S 1/6 

wanes, 

^m      The  Conslruclbn  of,  and  other  Machinery  for  Raising  Heavy  Bodies  for  the  Erection 
V      of  Buildings,  &c     By  Joseph  GLVNN,  FR.S 1/6 

NAVIGATION,   SHIPBUILDING,  ETC. 
Sailor's  Sea  Book : 

A  Rudimentary  Treatise  on  Navigation.  ByjAMES  Greenwood,  B,  A.  With  numerous 
WoodcuHand  Coloured  Plates.  Newand  Enlarged  Edition.  Bj'W.  H.  ROSSEK  S/6 
perhaps  the  belt  and  simplosi  ejaiome  of  navigation  ever  compiled."— /Wirf. 

.jtical  Navi^ration. 

Consisting  of  the  Sailor's  Sea  Book,  by  James  Greenwood  and  W.  H.  Rosssn ; 
■with  Malhemalical  and  N.iutical  Tables  for  the  WorkinE  of  the  Problems,  by 
Law.  C.E..  and  Prof.  J.  R.  YOL'NG.      Half-bound  in  leather  .         .         .      7/0 


H-iipi 

Kiaei 


or  yachi  afloat."— //■■Cj  iachliitic  lUnfiuiii. 

Mavieatton  and  Nautical  Astronomy, 

^        In  Theory  and  Practice.     By  Prof.  J.  R.  YouifQ.     New  Edition.     Hlustrated 
^A  voy  csmplete,  ihomiih,  tai  useful  manlK]  for  tlM  yonn(  navisuor."— (WurTal.i?. 


ihort  tint  thai  il 
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Mathematical  Tables, 

For  TrigonDmeirical,  Asitonomica!.  i 

TrealiK  on   Logarilhnt ,      .  „  ._..._.. 

Navigiiion  and  NauliciL  Astronomy.    By  Piofessof  ].  R.  YOfKG.    New  Edition   40 

Masting',   Mast-Making-,  and  Rigging  of  Ships. 

Al.o  Tiiblcs  of  Spars,   RiEgire.  Blocks:  Cliaio,  Witc,  anJ  Hmip  Bopej,  Ac  it!:ii  i- 
to  every  clui  of  vessel.     By  KOBERT  KiffiKg.  N.A. 2.0 

Sails  and  Sail-Making. 

With  Drauglning,  and  ilie  Ceutre  of  Effort  of  the  Sails.     Weiglils  and  Siai  of  Rope . 
Masting,  Rigging,  und  Sails  of  Sleam  Vesspli.  St     By  R.  KiPriNG,  N.A.         .    Sfi 

Mapine  Engines  and  Steam  Vessels. 

By  R.   Mlkkay.   C.E.     Eighth  Edilion.  thoroughly  Reviled,  with  Additions  t?  llx 
Amhor  and  by  George  CAItl.i5i.E,  C.E.      .         .         .^      .  .        .       .    4/B 

Iron  Ship-Building^. 

With  Pncucal  Esnmples  ana  Delaili.     ByJOHN  Grahthau.     Fifth  Ed luon    .    1/0 

Naval  Apchitectupe. 

An   Exposition  of   the   Elcmeniary   Principles.     By  JflME.s  Peakh   .        ,       .    *e 

Ships  fop  Ocean  and  Rivep  Sepvice, 

Principles  of  the  Construction  of.      By  H.  A.  SOMMERFELDi'      .        .        .       •    1/6 

An  Atlas  of  Engravings 

To  lllustraie  Die  above.     Tudvo  large  folding  Plate*.     Royal  4"'>.  =Iolli      -       ■    '/^ 

Ships  and  Boats. 

Oy  \V.  BlasD.    Sei'i:nth  Kdhion,  revised,  wilh  tiumeroos  IllnsualloDS  and  Moilds  l^'o 


ARCHITECTURE  and  BUILDING. 
Constpuctional  Iron  and  Steel  Wopk, 

As  applied  to  i'ubiio.  Private.and  Domestic  Buildings,    By  FuascisCakpiN.CE.  ,  8* 

Building  Estates: 

A  Treatise  on  llie  De\-dopmenl,  Sale,  Purchase,  and  NTanagcmcni  of  BuiliUng  twd- 

By  F.  MaITLAND.     Second  Edition,  revised if> 

'■Th'i  booli  should  undouhitjly  Ik  adJcd  lo  Ihc  libnry  of  tvety  prsfiuiBoal  owudeilBI"' 
buiidini  land."— iflW  Agnil  't  Jira/nJ. 

Science  of  Building: 

An  Eloniontary  Treatise  on  the  Principles  of  Construction.    By  E.  Wi-nbh*ji  TAW. 
M.A,  Lond.     Third  Edition,  revised  and  enlarged «» 

Art  of  Building, 

-    '■     -   ■       ■      General  Principles  of  Consiruciion.  Strength,  and  Use  of  M«(rtJ 


Working  Drawings,  Soedficalions.  fie.     By  Edwab'd  DoiisoN.  M.R.I.B.A,  At   S/0 
"AfiDod  booli  ftrr  pracIiCftl  knowledge,  and  abokit  the  buL  to  be  obtalnctl." — ffmlUrnt  ^tat. 

Book  on  Building* 

Civil  and  Eccreslaslic;i!.     By  Sir  EDMUND  BECKETT,  am,,  LL.D,.  Q.C.  r.IU,»; 
Author  of  ■•  Clocks  and  Watches  and  Bells,"  &c.     Second  Edition,  enlarged.     .    *» 
■■A  bwk  -hich  i>  al..ay>  ana.>ing  and  dearly  mlwiiv.  initnictivt--7-i««. 

D  weiling~H  ouses. 

Erection  of.  Illustrated  by  a  Perspective  View,  F 
ofVillas,  with  the  Specificatit       " 

Cottage  Building. 

Bv  C  BRi;ce  Allen.     Eleventh   Edition,  with  Chaptei 
Ailotraents,  by  E.  E,  Allen,  C,E 

Acoustics  of  Public  Buildings : 

The   Laws   of  Sound   as  apphed   to   the  Ariangeraenl  of  Buildings.     Bv  PinfaM 

T.  ROGER  Smith,  F.R.I.B.A.     Ne»  Edition,  tEvised.     With  numerous  llltuwiioni 

l/ial  fifliiird.     1/8 

Ppactical  Bpicklaylng. 

Genernl  Principles  of  Bricklaving  ;    Arch  Drawing,  Cutlini;  and  Selllngi    Fi^nlini; 
Paving.  Tilins,  &c.     By  Adam  Hammond.     Wilh  68  Woodcuts        ,         ,        .     liB 
"  The  youDg  biicklayitr  wilLfind  it  in6nitely  valuable  to  him.  "—(^/arfW /ffm^. 

Apt  of  Ppactical  Bpick-Cutting  and  Setting. 

By  Adam  Hammond.     With  50  EnEravings  .        .     1/9 


^BjHokwork : 

^^^r  Embodying;  ihe  General  nnd  Higlier  Princit'les  of  Brickl.iying.  Culling  and  Setting; 
^^V  with  the  Appliution  oF  Gwnielry  to  Roof  Tiling.  &c  By  f.  Walkeh  .  .  1/6 
^^^B'Conuini  all  tiat  xyoiiflg  Iradortun  or  itudenl  Mcdt  lo  kiifD  from  books." — Miii^din£  PTmtx. 

^^ncks  and  Tiles, 

^^K  Rudinienwry  Treatise  on  the  M.inufaciure  of.  Containing  an  Outline  of  the  Prindpka 
^H  of  Bricltmaking.  By  £.  DoSsoN,  M.K.i.D.A.  Additions  by  C.  ToMliKsoh,  F.R.S. 
^H      lUuitrated     .  .  _,     .     3/0 

^^Factloal   Brick  and  Tile  Book. 

Comprising :   Bftck  and  Tele  Makimi,  hy  K,  Doe'ns.  A.l.C.E. ;  Praciical  Bkick- 
"    "  ■    "     "  ;  BFicK-Ciirn.iGandSBTnNO.  by  A.  Hammond.    550  pp. 
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Cappentry  and  Joinery— 

The  Elemestarv  Pkisciplbs  of  Carpe; 


IF  Carpentry.  Chiefly  comp 
Work  of  Thomas  Thedoold.  C.E.  With  Additions, 
Joi.NEsy  by  E.  W.  Takn.  M.A.     »x[h  Edllion,  revised  and  emended 


the  Standard 


Carpentry  and  Joinepy. 

Alias  of  35  Plates  10  acoompiny  and  illiist 


•actlcal  Tpeatlse  on 

Including  a  Treatise  ott  Stairdli 


Handpailingf : 

By  CiEO.    COLl.lNGS.         S 

1.DING.     With  Plates 


Roof  Carpentry : 

Hnciiqjl  L.-,v.r.i  ,n  i„q  Kriimine  of  Wood  Roor^,      For  the  use  of  Working  C 
By  Geo.  COLLENGS,  Author  qt  •■  HamlriiiliiiL;  and  Siairbuilding."  fi'c. 

Constpuction  of  Rooft,  of  Wood  and  Ipon : 

Deduced   chiefly  from    the    Works    of    RobisDn,    TrcdgolJ.    and    HumUr. 


\  Handbook  ft 


■Ihei 


Jf  Studen 


By  G,  H.  Bl-.^ 


1/8 


Timbep    Impoptep's,    Timbep    Mepchant'8,    and 
Buildep's  Standard  Guide. 

By  R.  E.  GhaNdy. fl/0 

■'  Evcytliinf  li  prriend.  to  bg;  bwti  up  j{iadii>l1y,  it  leadi  3ne  Tiam  a  \aitn  10  a  lF«i>ail,  and  tbrawi 

Plumbini^ : 

A  Toict-B^ok  10  (he  Pracilcc  of  the  Art  or  Cm fl  ofihr  Plumber.  Wltb  Chajnen  upon 
H.-rti-i>  Lirain,!-?  incl  Venlilaiion.  By  Wm.  Patom  Buch.in.  R. P.,  Sanitary  Enginter. 
Stvi^nEl,  E'liii.  n.  I'c^rittenandEnlarged,  withsDoIlluilmlioDs  .         ._     .      S/fl 

Ventilation : 

A  Taii-Baok  10  tiic  Tr.ictice  of  the  Art  of  Ventilating  Buitdingi.  By  W,  P.  BircHAN. 
R.P..  Author  of  "  I'lnnibitig."  &c.     Willi  170  lllustTalioni .         .         .         .         .8/6 

The  Ppaotical   Plastepep: 

A  Compendium  of   Pl.iin  and  Ornamcnlnl  Plaster  Work.     By  WlLH 

House    Painting:,  Gpainlng-,    Mapbllnsr,   &nd    Siffn 
Wpiting:: 

'""■'   -  '^  iiirK  ol  Elemenury  Driwin?.  and  i  Collertion  of  Useful  Hrcelpt- 


sien     ^ 

By  ^H 

"J 
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Gpammap  of  Colouring. 

Applied  10  Dteoralivc  {'.imlinK  antl  the  Arts.     Bv  GeOUck  Ffeld.     New  Edition, 
^_   revised  and  entarEid  by  ILllu  A.  Davidson,     Wil'h  Coloured  Plate*        .        .     8/0 

Elementary  Dcboiiition : 

A»  Applied  lo  DweilinK-iluustt,  Sc     ByjAMKsW   Turret.     Illiulraled  .        .     SfO 

"I'M!  pnwplcs  wnkh  aiii)it  la  kuuIc  the  iIctiH-aiinn  of  dwcllmE-bouis  ue  cicuir  m  brtkui 
eluadued  by  txainplu  I  while  Full  initruciioiu  an  prtn  tu  the  lantti.'—Siiiamam. 

Practical  House  Decoration. 

A  Guide  la  ilie  Anof  Uinaniciit.1!  I>ninilng.  iheArmntrcTneni  of  Colours  in  Apumatt 
nndlliol^lndplraofUeeornihu  Desifin,     ByjAWttS  W.  Fackv  .  .      2M 

'.•  Tit  iait  two  IVerti  i»  Out  /in».liami  Ciri.  kalf-lnmnd.  tnlitM  -  KOUSS    DecobatKM, 
Eleuentahv  akd  Practical,"  jBn«  S/0. 

Warming-  and  Ventilation 

Of  Dom^5iic  .md   Publ.r   Buildms?,  Sc     By  C  ToMLrNSON,  F.R.S.        .        .     8/0 

Portland  Cement  for  Users. 

ny  fH-AKV  Faija,  A.M.  Tnsl.  C.E,     Thiid  lidilion.  corrtcred    .         .         .        .     SIO 

Limes,   Cements,   Mortars,  Concretes,    Mastics, 
Plastering-,  &c. 

By  G.  R.  nuKNKLU  C.E.     Thirteen  111  Edition If* 

Masonry  and  Stonecutting^, 

The   Principles  of  Masonic    Projeeiion,  and  llieir  Api>lioiiioti  to  Consiiuciion,     B» 
E.  DoBSON.  M.R.I.B.A SfO 

Arches,  Piers,  Buttresses,  6cc, 

Expctiniemal  Ks5a)50n  the  Hrincipk-s  ot  Con  si  ruction  in.    By  William  Bland      1/8 

Quantities  and  Measurements, 

In  Bricklnyeri'.  Masons',   rinnercrs'.   Plumbers'.   Painters".    PnperlinnEBrl',  Gilden', 
Smiths',  Carpenters'  and  jointis'  Work.     l)y  A.  C.  Ukaton,  Sunoyor    _  .         .     l/« 

Complete  Measurer; 

SriLlng  forth  the  Measurement  of  BQ.trd3,  Glasi,  Timber,  and  Stone.     By  R.  HobtoK. 

Fifih  Edition 4/l> 

•-*  TAi  atave.  stranilj  hound  in  kalhir.  price  6/0- 

Lii-ht : 

An  Inlrodnciion  to  the  Science  of  Optics.      Desired  for  the  Vx   of  Piudinti  of 
ArchitecLure.Ensineciing.andolticr  ApplicdSciencei.    Dy  E.  W.  Takn,  M..A.  .      UB 

Hints  to  Youngs  Architects. 

Bv  GtcoHGE  WjorirwiCK,  Arcliiieci.  ATiihorot  "  The  Pnlace  of  Architecture,  "'ae..  8t 
Iifili  lidilion.  revised  and  enlavccd  by  G.  HuSKtssOS  GtiiLLAttKE,  Architect    .     8/fl 


Architecture— Orders. 

The  Orders  and  their  .Esthetic  Principles.     By  W.  H.  Lei:ds.     Illustrated         ,      Vfi 

Architecture— Styles. 

■[■he  Hisiory  and  Description  of  the  Styles  of  Architecture  of  Various  CountriM.  fnM 
(lie  &irliesl  10  the  Pieseni  Period.  By  T.  TaLeot  BuKV,  F.R.I.&A..  &c  Uh*- 
mied WQ 

Ordebs  and  Stvlm  of  Architectube,  tu  Oiu  Vol.,  3/6. 

Architecture— Deslg:n. 

The  Princlf.les  of  Dt'sii^  in  Architecture,  as  deducibic  from  Nature  and  eaempUlied  h 
the  Works  of  the  (invk  and  Gothic  Architects.    By  Edw.  L.  Gakbett.  Architect    SfS 

"Wt  Lnow  no  ..-ovk  ih.v   «t  «oiilcl -ooii^.  r-coniracnd  10  «.>  nl-tnlivr  r«drr  druioui  Ic  obI*in  r*« 
•  iewi  of  ihc  noturt  of  arch  ii  mural  on.    The  iMjok  i>  a  valujiblt  on..'  — /.'."Vito-, 

T**  ant  prictdiHg    Weris  in   Ohi  Aandsome    I'd..  h^il/^iaunJ,  mUtltd  "  Motwn 
ARCHlTECTUR8,"/n'«  6/0. 

Architectural  Modelling  in  Paper, 

The  Art  of.   By  T.  A.  Richardson,   With  llliistraiions.  engraved  by  O.  jEvnTT    V6 

Perspective  for  Be^rinners. 

For  Students  and  Amaleurs  in  Architecture.  Painting,  *c.     By  G.  Ptrs    .         .     S/0 

Glass  Staining:,  and  the  Art  of  Paintings  on  Glaa& 

From  the  German  of  Dr.  Gr:ssT!RT  and  EsrANiEL  OtTO  Frouberg.  With  m 
Appciidis  onTiiE  AK't  o»E^^^w.\.l.wo 8/6 
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Vitpuvius— The  Architecture  of  Marcus  Vitruvius 
PoUio. 

In    Ten    Books.     TratmUleil  from   the  Lalln   by  Jn^rrH  Gwn.T.   F.S.A.,  F.R.A.S, 

WiTh  Hi  FlMa S/0 

N.B.^Tkis  ii  tit  only  Edilion  a/VmuviUSfrscuralle  al  a  Moilirolt  friu. 

CrPeclan  Architectupe, 

An  Inquiry  Into  the  Principles  of  Beaoty  in  ;  with  an  HlslOricsl  View  ol  the  Rin  uid 
Prostesi  of  the  Art  in  Greece,     By  the  EABi.  OF  AeekdeeN        ....      1/0 
•,•  Tkt   hea  preceding    Works  in  Om  haarlsomi    l\-!.,   h.,lf-t.^,iad.    tntUlid   "Ancibnt 
ARCHlTECTL*BE,"/ri'«fl;0. 


1 


INDUSTRIAL  AND  USEFUL  ARTS. 
Cements,  Pastes,  Glues,  and  Gums. 


Applicalion  of  the  various  Aeg'ullnnnts 


required  fcr  Worltshop.  Labonilory,  or  Office  Use.     Wilh  upwards  of  9C0  Recipes  and 

FormulK.     By  H.  C.  Standage 2/0 

"  A.- 1  nvElsiiOD  of  whit  tiE  con^dcied  trade  kctets,  this  bnak  will  atDuse  u  amoiinl  of  curiwitr 

Clocks  and  Watches,  and  Bells, 

A  Rudimentary  Treatise.      By  Sir  E DM L'NB  BECKETT.      Seventli  Edirion.         ,      4/6 
•.•     TAi  ahn-e.  handsumity  tmmd.  Cloth  Bcardi.  5^6. 
"  Tht  V«  work  on  the  subitci  probjilly  eiiini.    Tbt  trtolist  on  bells  ii  unJoubitdlv  [he  best  in  tl» 
\\ai\%aa^<^"-^Ertg,n€iriHg.     "  The  only  modem  Lreallte  on  eliK^'iai^inJt."—Harvle£ieitl/oiirMaI. 

Electpo-Metallu  pg^y, 

Praclicailv  Treated.     By  Alexander  Watt.     Tenth  Edition,  enlarged  and  revised. 
Wilh  Additional  lUuslralions,  and  inciuding  the  most  Recenl  Processes      .        .      8/6 
"From  ib'a  book  both  amarenr  and  miEan  may  Icaxd  cveryLhiog  Dem^ary."— /rtM. 

Goldsmith's  Handbook, 

Containing  full  Insiructiens  in  Ihe  Art  of  AlleylnE.  Mctiing,  R-ducIng,  Colouring, 
Collecting,  and  Refining.  The  processes  of  Manipulation,  Recovery  of  Waste, 
Chemical  and  PhyE^ica  Properties  of  Uold  ;  Solders,  Enamels,  and  other  useful  Rules 
and  Recipes,  Ac  By  GEOiiGe  E.  Gee.  Third  Edilion.  considetabiy  enlarged  S/0 
•'  A  good,  sound,  iKhnical  «lucaior."-//ow/DfK«//«™t;. 

Sllvepsmlth's  Handbook, 

On  the  same  plan  as  the  above.      By  George  E.  Gee.    Second  Edilion,  Revised     S/0 
•  A  vihubte  Hquel  to  the  ulhor'i  '  Pnctical  GB\afa'ta.--SilvtTimilli'i  Tradi Jfumil. 
•,•   Tkt  two pnctdittg    Workj.  in  Ont  »amf<omt  Vol.,  half-bo^md,  tntilltd  •■Th*. 
Gomismith'e  and  Silversmith's  Complete  Handbook,"  7/0. 

Hall-Mapkln^  of  Jewellepy. 

Campiising  an  account  of  all  the  different  Assay  Towns  of  the  United  Kingdom  ;  with 
(he  Stamp;  at  presenl  employed  :  also  (he  Laws  relating  to  Ihe  Standard!  and  Hnll- 

Marks  at  the  various  Assay  Offices.     By  George  E.  Gee 8/0 

II  DcaJi  thoroughly  wiib  it>  lubjcct  tta^r,  n  manufacluttc't  and  dealat'i  point  of  i\ti,.''~Jnilllr. 

Ppactical  Opgan  Building:. 

By  W.  E.  DiCKSQN,  M.A.,  Precenlorof  Elv  Calheilial. 

-Coach-Bulldlnf : 

A  Practical  Treatise,  Historical 
Jt't'h'uliu..*''"^!,'™),^  mJi"  "  °" 

Bpass  Foundep's  Manual: 

Inilructions    tor   Modelling,    Patlern    Making,   Moulding,   Turning,    4c.         By    W 
Graham S/0 

'Sheet  Metal-Wopkep's  Guide. 

A   Praelical    Hindbook   (or    Tinsmiths,    Coppersmiths,    Zincworkers,    *c.,   with    46 

Diagrams  and  Working  Pjtlem?.     By  W.  J.  E.  Chane.     Setcnd  Edition,  revised  1/6 

"  The  lulhor  hu  acquitted  himiEir  with  conudcrablE  Ucl  ia  choosing  Lis  eiampiu,  aad  wilh  no 

■Sewing  iiiiachinepy. 

Its  Conslrucdon,  History.  He    With  full  Techniia]  Directions  for  Adjusting,  ftc     By 
1.  W.  Ubquhart.  CE, 9/0 

"  A  full  deicriptioD  of  (li<  principles  and  OMUiniction  of  the  leading  nuchine!,  and  minst*  tniuao. 
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Gas  Fitting: 

A  Praciical  Hiinrtbook,   By  John  Black.   Reviswl  Ediiion.   With  [30  lllniiraiioni  a/S 

Constpuction  of  Doop  Looks. 

From  ihs  Pjpers  ot  A.  C.   HoBBS.      Ediied  bi' CHARl.cS  Tomlznson,   F.R.S.     WiiJi 
iNoieupan  Ikon   SaFM  by  Robert  Mallet.      lllu$imted 2!S- 

The   Model    Locomotive  Eng;ineep«   Fiperoan,  and 
Eng-ine-Boy. 

Comprising  an  llisloriiai  Ngiice  of  Ihe  Pioneer  Locomoltve  Engines  and  iheirlniroilDis. 
B/ Michael  Reynolds 3/9 

Art  of  Letter   Painting:  made  Easy. 

ByjAMES  Gheiq   BADBNoca.     Willi  13  iull-uaee  tnEra-ings  of  Eiamplei.      .    1/fl 
"AnviniTlliaenl  lail  »bo  Taili  lo  luin  oul  dKcnl  vaii.  alia  (tudvinc  lUi  n-xem,  humBOkaliB 

A.pt  of  Boot  and  Shoemaklngr, 

Includiog    Measurement,    Last-titdng,    CmimK-oul.    Closing    and    M:ikiog;    nitili 
Description  ol  the  moit  Approved  Muchinery  employed.        By  J,  B,  I.BNo        .    S/0' 
"By  lor  Ills  bai  work  ever  wriiien  on  ihe  lubject.    Thedupla  on  clicking,  •'hii:h  ^o«  bo*  iMt 
limy  bg  prevenlol.  will  an  fifty  lima  Ibe  price  vi  the  book."— SutlM  LtaClitr  Trmlf. 

Mechanical  Dentistpy: 

A  Pracimil  Treatise  on  the  CDnstmcliaa  ol  the  Vnrioui  Kindi  ot  Ariiticnl  DastBM, 
compri^in!>.ib[>  Usefiii  FomiuUe.  Tables  and  Receipts.     By  C.  Huntek    ,       .    S|D- 

Wood  Engpaving: 

A  I'racticAl  ..11,1  li.i^y  Iniiuduclion  10  Iho  Study  of  the  Art.      Bjf  W.  N.  Bum     1* 

Laundpy  Manag^ement. 

A  Handbogk  for  Use  ui  I'nvale  and  Public  Laundries.     Including  Aecounli  otllodn 


AGRICULTURE.   GARDENING.  ETC. 
Draining:  and  Embanking;. 

APrai;in.al  IVraiisf.     1)/  I.-iiin  Scott,  Idle  ProlfS5or  of  AfrrJC"IIureiind  Rural  Eow"* 
at  Ihe  Royal  .Agri™llur;il  Cnliege,  Cirentesler.     With  6S  iliusiratiutis  .        ,       .    1/6' 
"A  nluibk:  hindliwk  1°  Ihe  enEineer  u  well  u  10  the  luireyDr."— LwM^ 

lppli*atlon  and  Water  Supply: 

A  Pr.icucjl  Treatise  on  Water  Meadows.  Sle^'age  IrrieBlion,  Warpinp,  Jfc.;  M  t>* 
Conilrnelion  of  Wells,  Ponds,  and  Reservoirs,  &o.      By  Pr-ifesior  J,  SCOIT       .    V» 

Papm  Roads,  Fences,  and  Gates: 

A  Practical  Treatise  on  the  Roads,  Traniways,  and  Wwerwiys  ot  the  Farm  ;  ft*!*: 
eiples  of  Enclosures  ;  and  on  Fences,  Gaies,  snd  Stiles.    By  Prof,  JOHN  ScolT  .    S* 
"  Aiuefiil  pracircal  work,  which  thauld  be  in  the  buids  oT  every  fvmer." — Fmmar. 

Fapm  Buildings: 

A    Practical  Treaiisc  on  Ihe    BulHings  necessary  for   ratiom  kinds  of  FanM,  l*^ 

Arrangement  and  Cons  [met  ion,  with  Plans  and  Ksiimales.    Rv  Prafeuor  I.  ScoTT  SlO 

-  No  one  who  ii  called  upiin  lo  design  farm  buiMingi  cm  iffoid  to  be  wiihoul  Ihu  ma\.-~8<0^- 

Bapn  Implements  and  Machines: 

Ireating  of  the  Appliciiion  of  PoMcr  to  Ihp  Operations  of  Asricolture;  mdofl'* 
various  Niachmes  uwlI  in  llie  Thr"5hin[;.l.ii,i,  in  Hie  SlocWjard,  Dauy,  fc.  .5 
Professor  Jok:<  Scott.     With  ijj  Uluiti-aiions WC 

Field  Implements  and   Machines: 

Witti  Principle*  ami  Details  of  Conslruction  and  Poinis  of  ExcellcnM.  **  MlM); 
nienl.  &c     By  Prof^^ssor  John  Scott.     Wiih  138  Illustrations  .        .        .    W*' 

AgTicultupal  Supveying-: 

A  Treatise  on  Land  Survirung,  Levellinj:,  and  Selling-out ;  irtlh  I^ncdoM  J^J 
Valuing  and   Reportinj  on  Firms  and  iLSiaies.       By  Proleisor  J.  ScOTT       .     ifi^ 

Fapm  Eni^ineering. 

By  Professor  John  Scott.  Comprisine  Ihe  above  Seven  Volumes  lo  One,  t.IJSW* 
and  over  600  lllustrationE.     Hull-hound       .  iSltr 
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Outlines  of  Fapm  Manag^ement. 

Treating  of  the  General  Work  of  the  Farm  ;  Stock ;  Contract  Work ;  Labour,  &c.    By 
R.  Scott  Burn.  Author  of  "Outlines  of  Modern  Farming,"  &c.        .        .        .    2/6 

"The  book  is  eminently  practical,  and  may  be  studied  with  advantage  by  beginners  in  agriculture^ 
wbile  it  contains  hints  which  will  be  useful  to  old  and  successful  fsamcxs."^ScotsMan. 

Outlines  of  Landed  Estates  Manas^ement. 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  the  Setting-out  of  Farms,  &c. ; 
Roads.  Fences,  Gates,  Irrigation,  Drainage,  &c.    By  R.  S.  Burn         .        .        .    2/S 

^^_  "  A  complete  and  comprehensive  outline  of  the  duties  appertaining  to  the  management  of  landed 
fataixak^*—JoHmal  0/  Forestry . 

The  above  Two   Vols,  in  One,  handsomely  half-bound,  enli/led  "  OUTLIUES  OF  LANDED- 
ESTATES  AND  Farm  Management."    By  Robert  Scott  Burn.    Price  6/0. 

Soils,  Manures,  and  Crops. 

(Vol.  I.  OtfTLiNES  OF  Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts  .     2/0 

Fapmingf  and  Farming  Economy, 

Historical  and  Practical.  (Vol.  II.  OUTLINES  OF  Modern  Farming.)    By  R.  Scott 
Burn 3/0 

"  Eminently  calculated  to  enlighten  the  agricultural  community  on  the  varied  subjects  of  which  it 
treats  ;  hence  it  should  find  a  place  in  every  farmer's  library.'*— Ci/y  Press. 

Stock:    Cattle,  Sheep,  and  Horses. 

(Vol.  III.  Outlines  of  Modern  Farming.)    By  R  Scott  Burn.    Woodcuts    2/6- 

"The  author's  grasp  of  his  subject  is  thoroufl^h,  and  his  grouping  of  facts  effective.     .    .    .     We  con* 
mend  this  excellent  treatise."— IfV^/fe/y  Dispatch. 

Daipy,  Pigs,  and   Poultry. 

(Vol.  IV.  Outlines  of  Modern  Far.ming.)    By  R.  Scott  Burn.    Woodcuts    2/0 

"  We  can  testify  to  the  clearness  and  intelligibility  of  the  matter,  which  has  been  compiled  from  the 
best  authorities."— Zcfu/ffff  Review. 

Utilization  of  Sewag^e,  Ippig^ation,  &c. 

(Vol  V.  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts      21^ 

"  A  work  containing  valuable  information,  which  will  recommend  itself  to  all  interested  in  modern 
farming.  "—Field. 

Outlines  of  Modern   Farmingf. 

By  R.  Scott  Burn,  Author  of  "Landed  Estates  Management,"  &c.     Consisting  of  the 
above  Five  Volumes  in  One,  1,250  pp.,  profusely  Illustrated,  half-bound     .        .   12/0 

"The  aim  of  the  author  bas  been  to  make  his  work  at  once  comprehensive  and  trustworthy,  and  ii> 
this  aim  be  bas  succeeded  to  a  degree  which  entitles  him  to  much  credit." — Morning  Advertiser. 

Book-keeping^  fop  Farmeps  and  Estate  Owneps. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all  classes  of 
Farms.     By  J.  M.  Woodman.  Chartered  Accountant.    Third  Edition,  revised  .     2/6 
*J^  The  above,  in  cloth  boards,  strongly  bound,  3/6. 

"  Will  be  fotind  of  great  assistance  by  those  who  intend  to  commence  a  system  of  book-keeping,  the 
author's  example:*  being  clear  and  explicit,  and  his  explanations  full  and  accurate." — Live  Stoch  Journal. 

Ready  Reekonep  fop  Admeasupement  of  Land, 

By  A.  Arman.     Third  Edition,  revised  and  extended  by  C.  NORRIS,  Surveyor  .    2/0 

"  A  very  useful  book  to  al!  who  have  land  to  measure."— /Var*  Lane  Express. 

**  Should  be  in  the  hands  of  all  persons  having  any  connection  with  land.'  — Irish  Farm, 

Ready   Reekonep  fop    Milleps,    Copn    Mepchants^ 

And  Farmers.      Second   Edition,  revised,  with  a  Price  List  of  Modem  Flour  Mill 
Machinery.     By  W.  S.  Hl'TTON.  C.E 2/0 

"  Will  prove  an  indispensable  vade  mecum.    Nothing  has  been  spared  to  make  the  book  complete  and 
perfectly  adapted  to  its  special  purpose."— A fil/er. 

The  Hay  and  Stpaw  Measupop: 

New  Tables  for  the  use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  &c., 
forming  a  complete  Calculator  and  Ready  Reckoner.     By  JOHN  STEELE     .         .     2/0 
"  A  most  useful  handbook.     It  should  be  in  every  professional  office  where  agricultural  valuations  are 
conducted." — La/ul  Aunt's  Record. 

Meat  Ppoduction: 

A  Manual  for  Producers,  Distributors,  and  Consumers  of  Butchers'  Meat.     By  John 

EWART 2/6 

*'  A  compact  and  hnndy  volume  on  the  meat  question.  —Meat  and  Provision  Trades  Review. 


6o  CROSBY   LOCKWOOD   &   SON'S   CATALOGUE. 

Sheep :  I 

TheHiiloty.  Structure.  Economy,  and  Diseases  of.    By  W.  C.  SpooNEK.   Fiflh  EAlka,      I 

with  Engravines,  incEudinf;  Specimeni  o(  New  ond  Improved  Bieeda  .        .       •    S/S      I 

"The  book  u  Ueddedly  the  beiE  of  the  kind  in  our  kaguaKe."^tf»£rHAM.  | 

Market  and  Kitchen  Gardening. 

llyU  W.  Shaw.  lalcE.litorof  "Gardening  lllubtrileJ-    ,       _,        .        .        .    Sfl) 

Kitchen  Gardening:  made  Easy. 

'^'- —  ■'■-  ' — ^s  of  Cultivating  every  known  Vegetable  and  Hert,  *e,»tt      | 

nlHllthcvtarround.    Bv  Geo.M.  t.  Glennt.  nimtnud    IM 

Cottaee  Gapdenine": 

Or.Tlowers,  Fruits,  on,' ■■       " 


nenlnllthcytarround.    By  Geo.M.  t.  Glennt, 
■wonhy  ud  uieful."— AoH*  Brilult  Atrimla  -"  ' 


!getihles  for  Siiiall  Gitrdens.    By  E.  KobdaT  .      ■   Ift 

Garden  Receipts. 

Edited  by  Charles  W.  Quik.    Third  Edition W 

Fruit  Tpees, 

The  Scientific  and  Profimble  Culture  of.     From  ihe  French  of  M.  Du  BKEUIL,    Fourth 
Edition,  carcfuily  REviH»l  by  GEtiKGEGt-ENNV.    With  1S7  Woodcuts        .       .    ifi 

Tree  Planter  and  Plant  Propagator : 

With  numerous  lllusTtations  of  Grsfting.  Layering.  Budding,  IraplemenW,  Hows, 

l>iis,  &c.     By  S.  WuOD.  Aviihor  of  "Good  Gardening,"  &C B/O 

"Sound  in  iti  teaching  ood  very  compiehcnnn  in  ittaim.  Itis  u  good  book.'— C»i&jH<i'if,4(»ii- 

Tree  Ppuneni 

Being  a  Practical  Manual  on  the  Pruning  of  Fruit  Trees,  including  also  their  Tmintearf 

Renovation,  alio  treating  of  the  Pruning  of  Shrills,  a  imberi,  and  Flowering  Plants,  with 

numerous  Illustralions.     By  Samuel  WiXID,  Aiilhoror  "  Guod  Gardemng."  ftc.     Vo 

"  A  useful  book,  wrillen  by  one  wbo  luu  had  greal  enpniencc. "—Monl  Lant  Erfnti. 

*.•   Thi  aiavi   T-.i.'o  I'o/i.  in  Om.  handsomely  hajf-ieuttd.  ■   -      -         -  -        - 

PbopAgator  and  Phuneh-"     By  Samuei.  ' 

Apt  of  Gpaftlng:  and  Budding. 

By  Charles  Baltet.     With  lllusirations    . 
"I'Ife  one  standard  wurk  oti  ihii  fohjecu" — SmUinan, 


MATHEMATICS.  ARITHMETIC.  ETC. 
Descpiptive  Geometny* 

An  Elemeniary  Tnmiise  on  :  wiih  a  Theory  of  Shartows  and  of  Perspective,  annd" 
from  the  French  of  G.  MONCE.  To  which  Is  add.;d  a  Description  of  the  PnndpW*^ 
Practice  of  IsomeliicaJ  Projeciion.     ByJ.  F.  Heather,  M.A.    With  14  PUli*    fflO 

Ppactlcal  Plane  Geometpyt 

Giving  the  Simplest  Modes  of  Conitniciing  Figuna  contained  in  one  PUne  Wj 
Geometrical    Consiruction  Of  Ihe   Ground.     By  J.    F.    HEAtHER,    M.A.        .    Sfi 

Analytical  Geometpy  and  Conic  Sections. 

By  James    Hann.     New   Edition.  Enlarged  by  Professor  J,  R.  Young    ,        .    8/0 
"  The  auibot's  >iylr  i.>  ficcedipgly  clnr  and  limple,  and  _;he  book  U  well  adapted  for  lU  iipUK 

Euclid* 

The  Elements  O?  ;  with  many  Additional  Propositions  and  EiplBnat"Ty  Koles;  jj 
which  is  pri^fijicd  an  Introductory  Essay  on  Logic,     By  Henkv  Law,  CE.       •    W 
*,•  Sff/J  e/jo  itfara/rfy,  vh.  : — 

Euclid.    The  First  Three  Books.     By  Henhv  Law,  C.E. 1/8 

Euclid.    Books  4,  j,  6.  11,  13.    By  Hknbt  Law,  C.E, 1(9 
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Iphepical  Tplsonometpy, 

The  Elements  of.     By  James  HanN.    Revised  by  CUAKLES  H.  DOWLING,  C  E.      1/0 
•.*  Or  Tuilh  •■  Tki  EUtn^nU  0/ Plant  Tngonomitry,"  in  One  VijI..  S/Q. 

>lfferential  Calculus, 

Elements  of  the.     By  W.  S.  ii.  VViJOLHOUsE,  F.R.A.S..  &c 1/9 

nteg-pal  Calculus. 

By  KoUEgiHiVU  Coi;,  ii..^. 1/0 

Lleebpa, 

The  Elenisnts  of.  By  JaVcs  H.iDDON,  M..V,  formerly  Mslhemaiical  Masier  of  King's 
College  School.  Wllh  Appeudii,  conlaining  Miscellaneous  InvesLig-JUalls,  and  3.  col- 
lecUon  oS  Pioblems 2/0 

Cey  and  Companion  to  the  Above. 

An  extensive  repouiory  or  Salved  Examples  and  Piobli'ius  in  lllustraiioii  of  the 
various  Expedieau  necessary  in  Algebiaical  Operations.     By  ).  K,  Volng,         .      I/O 

^ommepoial  Book-keeping^. 

WiLli  Commercial  Fbcaies  aod  Forms  in  English,  French,  llalian.  and  Gennan.  Br 
Jakes  HaDOON,  M,A.,  lotmerly  Maihemaiical  Master,  King's  College  School  .      1/S 

Iplthmetic* 

A  Ruditneniary  Tntatlte  00 :  with  ftill  Explanations  of  its  Theoretical  Principles,  and 
numerous  KsBniples  for  Practice.  For  the  use  of  Schools  and  for  Self-lnsinict'on.  B» 
J.  R.  VOL-vG.  i.iie  Prtjfessor  of  Mathematics  inBelfaii  College.   Elevenlb  till  lion      l^O 

Cey  to  tlie  Above. 

By  J.  R.  V^L.SG 1/6 

•Iquational  Apithmetic, 

Applied  10  yuestions  ot  Inieresi,  Anuuitiei,  Life  Assurance,  and  General  Conimerec; 
with  vanous  Tables  hy  wbicli  all  oilcuJaiiuiu  may  be  greatly  [acilitaled.  By  W. 
HlPiL£V 2/0 

Ipithmetic, 

Rudiiucniary,  for  the  Use  of  Scliooli  and  Self-Inslruution.  By  jAKES  HaDdoN.  M.A. 
Reused  by  AfaKAHAM  Akman 1/6 

Cey  to  the  Above. 

ByA.  AiiMAN 1/6 

Hathematical  Instpuments, 

A  Treatise  on  ;  Their  Consiruciioii,  Adjustment,  Testing,  and  Use  concisely  euplained. 
By  J.  F,  HEATHEK,  M.A.,  of  the  Royal  Military  Academy,  Woolwich.  Fourteenth 
Edition.  Revised  with  Additions,  by  A.  T.  Walmielev.  M.I.C.E,,  Fellow  of  the 
Surveyors'  Insiiiution.  Oiigmal  Edition  In  On«  Vol.,  Illustrated  .  .  ,  a/0 
,■  /«  erdtrinJ  it  *-«/■/  "  mv  ■■  Original  E-iilianr  ta  disHngvisk  il /ram  tAt  £nlarytd 
Eailion  ,.i  Thru  i-u/i.  {setitleu). 

)pawinif  and  Measuping?  Instpuments. 

Including— I.  Instruments  employed  in  Geometrital  and  Mechanical  Drawing,  and  in 
the  Construction,  Cop>ing,  and  Measurement  of  Maps  and  Piiiis.  11.  Insirumenis 
used  for  the  purposes  of  Accur.iic  Meajuremenl,  and  (or  Arithnieiical  Computations. 
By  J.  F.  Heather,  M.A 1/6 

>ptlcal  Instruments. 

Including  (more  espei:iiilly|  Telescopes,  Micnncopet.  and  Apparatus  for  producins 
copies  of  Maps  and  Flans  by  Phologtaphy,    By  J.  F.  Heather,  M.A.    illustrated     1/iS 

)UPveyin£f  and  Astponomtcal  Instruments. 

Including— L  Instruments  u^ed  for  Determining  the  Geometrical  Features  of  a  portion 
of  Giound.      II.   Insirumenis  employed    10   Asironoiuical    Observations.      By    I,    F. 

HKAIHER.  M.A.     Illuilrated 1/6 

,•  Tilt   abavt    Thru     I'alumrs    form    an    enlargtmtnt  of  Ihi   Aittkiir't    erigiaal    uvri. 
■■  M^lh€f«alU<>l  Instrumaiu:' frut  2/0. 

lathematioal  Instruments: 

Their  Construction.  Adjustment.  Telling  and  Uicv     Comprising  Drawing.  Measuring. 

Optical.    Surveying,    and    AsironomicaJ    Insinunents.     By    J.     F,    HEATHER.    M.A. 

Enlarged  Edition,  tor  the  most  part  re-writlen.     Three  Parts  ai  above  4/6 

"An  uhau'iivi  uuti».  btlonsl"?  is  itie  wclJ-kcDwo  Wulc'i  S»iei.    Mr.  Healhcii  mxHtace 

Uide  Rule,  and  How  to  Use  It. 

Containing  full.  easy,  and  simple  Inslruclioni  10  pprfotm  all  Budness  Calculattoas  with 
atwiampled  rapidity  and  accuracy.  By  Chakles  Hoare,  C.E.  Wilh  n  Slide  Rule. 
■■  luck  of  covet.    Fifth  Edition ....     S/8 
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Mathematical  Tables, 

For  Th^anomtirical.  Asiionanilcat.  und  Nautical  CitculAiioni  ;  i«  whicB  UjHiAicdB 
Trealiw  on  Logarillims.  by  H,  Law,  C.E.  Toerlhw  wiili  a  Series  of  Tditefcr 
Nflvigautm  ar.d  Nauueal  AsUQBOiny.     By  Professor  J.  R.  YuUNC.     New  tuKIlM  4J0 

Logapithins. 

Wiih  Mathemaiical  Tib'f  5  for  Trigonomeinoil,  Aiiionomica],  «nd  Naulicil  Cilai^ 
lions.    ByHE:<Kif  Law.C-E.    RevisitJ  Edluon.    IFaiininE  pan  Ol  ihe  above  work)  8(8 

Theory  of  Compound  Interest  and  Annuities: 

Witt)  Tables  of  Lai^aiiianis  lor  Ibe  more  Diffieull  Coiiipulalions  □)  Inieresi,  DiKtiuu. 
Annuiues.  &c.,  in  all  iheir  Applicaiioiu  and  Uses  for  Mercantile  and  Suic  Pvifao. 
By  p£UOR  TiioHAN,  of  Ihe  Soci  ji4  Cr£dii.  Mobilier,  Paiii.     Fourlb  EdiuoD     .    4/0 

iANCis  Campin,  C,E..  Sc    and  Edn.  3)0 

"Should   bi  In  <liEbaJidiar<ivei)DnECCBIMCIM  wi^b   luilillng  con>lilj(no.>. '-^B'Uir'' X'/^v". 

Astronomy. 

ISy  the  laic  Rev.  RobCRT  MaIN.  M.A.,  F.R.S.     TUid  Edition  revised  and  comocd. 

By  William  Thvsne  Lvsn,  aA.,  F.R.A.S.  2/0 


Statics  and  Dynamics, 

The  Principles  and  Piar>.i-e  ot :  embra 
HydrodynaDiics  and  Central  Forces. 


BOOKS    or   REFERENCE   and  1 

MISCELLANEOUS    VOLUMES 


Manual  of  the  MoUusca : 

A  : 


id  Fossil  Shells.     By  Dr.  S.  P.  WoonwAKP.  A 
AopendiK   by   Ralph   Tate,    A.L.S.,    F.G.S.     With   nuiuerous   fl^i 


Dictionary  of  Painters, 

And  Handbook  for  Picture  Amaieuri ;  beng  a  Guide  for  Visitors  to  PabliC  «nd  VnnUi 
Piciure  Cilleries,  nad  (or  An  Students,  includme  Glossary  of  Tiarnii,  &a.     By  Pmilh-pS 

darvl,  (1..A. aw 

"ConudeiLns  ii&  }m^]  covpassi  really  :i(Iinirable.    We  conlially  racommcnd  die  boak."— Au£/ir. 

Palntlni^  Popularly  Explained. 

By  Thou.\S  John  Guluck.    JUinivr.  ;iml  Jfnin  Tivns.  F.S.A.      Including  FrtsW 

Oil,  Mosaic,  Water  Colour,  Waier-GLi=5,  Ttinpiiia.   Encaustic,  Mmiaiuie,  PauHurgui 

Ivory,  Vellum.  Pottery,  tuaoiel,  Gbias,  &e.    i'ilili  lidiiion.        ....    W 

*,*  Adtfled  as  a  Priu  Boe*  al  South  Xtitiiiistait. 

"Machiruybtletinied.  tvwibylhoM  who  fcniy  ihcy  do  not  require  to  bi  Oaghc,  ban  tte  ci^* 

Dlctionapy  of  Terms  used  In  Apchitectupe, 

Buildms.    li^n^'ineering,     MininB.     Melallurgy,     ArehiBology,    the     Fine    Arts,    ftt 
Bv    iQiirJ    WeaLE.      Sisih   Edillon.      Eiliitii    bv  Rout.   Hunt.  F.Rii..   Keeper  <* 
Mining  Reiords,  Editor  of  ■■Ures  Dictionary.''     Numerous  lllusirations    ,         .    iW 
',■  Tht  absvr,  stnngly  bound  in  cloth  boards,  priu  6/0.  ' 

Music, 

A  Kudimenwry  Bnd  Practical  Treatise  oiu     By  CHARLES  CHILD  Spkhckb  .     Sfl 

"  Mr,  SnuCET  hu  Qumhallcd  hii  infomulion  with  much  tkill,  uid  y«  wiik  ■  t>ni(ilicilr  AM  mmt 
(Bconunfod  La  works  lo  &11  who  wish  la  tboroughly  uudsriiiinJ  miuic.'— *«■'«*/>  TYiwI. 

Pianoforte, 

The  Art  el  Playins  the.     Wilb  EMfdies  and  Lessons.    By  C.  C.  SPBKCSR        .     Iff 

jubl  ■!  high  acclinpT^iDeni  'isThe  an."—s5Ml^Hud'ct,n'>i^U 
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House  manager: 

Being  a  Guide  to  Housekeeping,  Practical  Cookery,  Pickling  and  Preserving,  House- 
hold Work,  Daily  Management,  the  Table  and  Dessert,  Cellarage  of  Wines,  Home- 
brewing  and  Wiue-making,  the  Boudoir  and  Dressing-room,  Travelling,  Stable 
Economy,  Gardening  Operations,  &c.    By  An  Old  Housekeeper  .       •     8/6 

"  We  find  here  directions  to  be  discovered  in  no  oiher  book,  tending  to  save  expense  to  the  pocket,  as 
veil  as  labour  to  the  hc3id."— John  Duii. 

Manual  of  Domestic  Medicine. 

By  R.  Gooding,  B.A.,  M.D.  Intended  as  a  Family  Guide  in  all  Cases  of  Accident  and 
Emergency.    Third  Edition,  carefully  revised 2/0 

"  The  author  has.  we  think,  performed  a  useful  service  b^r  placing  at  the  disposal  of  those  situated, 
3y  unavoidable  citcuaisiances,  at  a  distance  from  medical  aid,  a  reliable  and  sensible  work  in  «^ch 
professional  know  led ;;«  and  accuracy  have  been  well  fceconded  by  the  ability  to  express  himself  in  ordinary 
ontechnical  languaKC." — Public  Htalth, 

Managrement  of  Health. 

A  Manual  ol  Home  and  Personal  Hygiene.     By  the  Rev.  James  Baird,  B.A.    «    1/0 
"The  author  gives  sound  instruction  for  the  preservation  of  health." — Atketueum, 
"It  is  wonderfully  reliable,  ti  u  written  with  excellent  ta^te,  and  there  is  instruction  crowded  into 
every  page.— £fc^/riA  MechoMUU 

House  Book, 

Comprising :  I.  THE  HOUSE  MANAGER.  By  An  Old  Housekeeper.  II.  Domestic 
Medicine.  By  Ralph  Gooding.  M.D.  HI.  Management  of  Health.  By 
James  Baird.    In  One  Vol,  strongly  hall-bound 6/6 

Natural  Philosophy, 

For  the  Use  of  Beginners.    By  Charles  Tomunson,  F.R.S.     •       •       •       •     1/6 

ElectPic  Teleg^paph : 

Its  History  and  Progress  ;  with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabine, 
CE.,  F.S.A..  &c 8/0 

*'  Essentially  a  practical  and  instructive  work."— Z7<t//y  TtUgmph, 

Handbook  of  Field  Foptiflcation. 

By  Major  W.  W.  K NOLLYS.  F.R.G.S.    With  163  Woodcuts.       .        .        .        •     8/0 

'*  A  we!!>timed  and  able  contribution  to  our  military  liteiaiure.  .  •  .  The  author  supplies,  in  dear 
business  style,  all  the  infortnation  likely  to  be  piactically  ^x^{yl\"—Chamb€rt  qfCommtrce  CkrmkU* 

Lofi^lc, 

Pure  and  Applied.    By  S.  H.  Emmens.    Thh-d  Edition 176 

"  This  admirable  work  should  be  a  text-book  not  only  for  schools,  students,  and  philosopher*,  for  all 
Utterateurs  and  men  of  science,  but  for  those  concerned  in  the  practical  affairs  of  life,  &c" — Tht  Nnut, 

Locke's  Essays  on  the  Human  UndepstandiniT. 

Selections,  with  Notes  by  S.  H.  Emmens 1/6 

Compendious  Calculatop 

'  {Intuitive  Calculations)  ;  or  Easy  and  Concise  Methods  of  p>erfonning  the  various 
Arithmetical  Operations  required  in  Commercial  and  Business  Transactions  ;  together 
with  Useful  Tables.  &c  By  Dani&L  O'Gorman.  Twenty- seventh  Edition,  caiefullv 
revised  by  C.  Norris 2/6 

*,*  The  abcrve,  strongly  half-bound,  price  3/6. 

**  It  would  be  difficult  to  exaggerate  the  usefulness  of  this  book  to  everyone  enga^^ed  in  commerce  or 
manufacturing  industry.  ^  It  is  crammed  full  with  rules  and  formuls  for  shortenmg  and  employing 
calculations  in  money,  weights  and  measures,  &c,  of  every  sort  and  description." — Knowledge, 

Measupes,  Weig^hts,  and  Moneys  of  all  Nations, 

And  an  Analysis  of  the  Christian.  Hebrew,  and  Mahometan  Calendars.     By  W.  S.  B. 

WOOLHOUSE,  F.R.A.S.,  F.S.S.     Seventh  Edition S/6 

**A  work  necessary  for  every  mercantile  office." — Building  TreuLes  JoumaL 

Gpammap  of  the  En&^lish  Tong^ue, 

Spoken  and  Written.  With  an  Tniroduction  to  the  Study  of  Comparative  Philology. 
By  Hyde  Clarke,  D.C.L.    Fifth  Edition 1/6 

Dictionapy  of  the  Eng;lish  Lang^uag^e, 

AS  Spoken  and  Written.  Containing  about  100.000  Words.  By  Hvdb  Clarke, 
D.C.L.  8/0 

Complete  with  the  Grammar,  5/6. 

Composition  and  Punctuation^ 

Familiarly  Explainea  for  tho;»e  who  nave  neglected  the  Study  of  Grammar.  By  Justin 
Bkknan.     Eighteenth  2r.uiUoa       .        «        ■        •        • 1/6 
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French  Grammar. 

Willi    Coiiipl-ie    an-i    (Joiitiie    Rules  on    the    Gsodcis  of    French    N'ouni.         Br 
G.   L.  STRALiS.   Ph.D Hd 

Engrlish-French  Dictionapy. 

ByALEHtD  £LKes i,0 

Fpench  Dictionary. 

In  T*o  Pitts:  L   IVench-lfnEUsh,    11.  English. French.     Complele  iaOn«V{J.   3/0 
*,*  Or  uili  tht  Ghammak.  4/6. 

Fpenoh  and  Eng^lish  Phrase  Book. 

Conlaining  Imrodn^T  jry  Lessons,  with  Translaiions.  Vocabularies  of  Words,  CollKikn 


German  Grammar. 

AdapicrJ  for  lingliiti  Siudenis,  ftoni  Heyse's  Theoretical  and  Fraelical  Grainmir,  lij 
Dr.  G,  L.  5Tii.vi;si W 

German  Trfg^lot  Dictionary. 

tty  N.   E.    S.    A.    Ha.mILtoS.      Part  I.   German  Frencli- English.     Pait  II.  Enjli* 
Gcriiiao-Frcacli.      Paii  111.  Ffcned-Geniian-Englisb 3/0 

German  Triglot  Dictionary 

{.\s  iba^n).     To^eibei  >siih  Gein'in  Grammar  in  One  VoL  .        .        .        .     B/0 

ir 

leruKs.    Djr  Alfbeo  Elwes   .       .      ,    1/0 

Italian  Tri^^Iot  Dictionary, 

Wherein  the  Genders  of  all  ihe  Italian  and  French  Nouns  are  caiefullv  noleddiwt. 
Bj-ALFKED  Elwes.     Vol  I.  lulian-English-Frcnuli iW 

Italian  Triglot  Dictionary 


Spanish   Grammar. 

In  a  Simple  and  Praciicil  Form.     Wiih  ExercisM.     By  Alfred  Elwks  .        .     l.'B 

Spanish-Eng^lish  and  Eng-lish-Spanish  DicUonary. 

Indudins  a  Ijrge  number  of  Technical  Terms  used  in  MimoE,  Engineering.  Sc,  Wb 
th«  proper  Accenu  and  (he  Gender  of  every  Noun.     By  Altud  Envti   ,        .    4/0 
*.•  Or  wilk  Ml  GftAHUAR.  fl/0. 

Portuguese  Grammar, 

In  a  Sinple  aiid  Praciical  Form.     Wiih  Exercises.     By  Alfred  Elwei.  .      IW 

Portuguese  English  and  English-Portuguese  Dic- 
tionary. 

Including  a  Urge  number  of  Technical  Terms  used  In  Mining.  EjiEineerinj,  St,  "ill 
the  proper  AccenLs  and  the  Gender  of  every  Noun.  By  Alfked  Elwi:j.  Thiril 
Edition,  revised ffi 

*,*  Or  uiik  ikt  Grahuar.  7/0. 

Animal  Physics, 

Handbookof.  By  Dion«iusLaiidner.  D.C.L.    Wiih  s»o  111  uslrilioni.     la  One  Vol 

(73a  pagesl.  cloth  boards  ,  7jg 

",•  Said  aha  in  Tie*  Paris,  ti/allmii!— 
Animal  Phtsics.    By  Dr.  Lardkkh.     Parti..    Chapien  I.— VII.  .       ,    4/0 

>KiMAL  Physics.     By  Dr.  Lardnri.     Pan  II..  Chapien  Vtll.— XVIII.        ,    S/0 
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^^^^^1 
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^H 

A  BERDEEN   (Earl  of),  Grecia 
ri.     Arehileclure     

«OK 

Bees.  ^-flWMf. 

45     ^H 

Black,  Gaafiiling , 

5S   ^H 

Acouslics  of  Buildings,  SmHA 

Blaghovb,  Marble  Decoration      .. 

30     ^^1 

Acluariol  Tables,  Gm-Jpn     .. 

Shoring 

^H 

Agricullural  Nole  book,  MtCmiicll   » 

Blako.  Arches          ...         

56     ^H 

Surveying,  Siatt          

38 

Ships  and  Boats           

^H 

Valuing,  Bright 

46 

Blasting.  J!«r™.fl,- 

Blow-pipein  Chemistry,  Hais 

^H 

M%<:hT3..  Haddm        

61 

35     ^H 

Alkali  Trade, /.i.«nj 

Boiler  Cbimnejs.  SVilion 

5     ,^H 

Allbk  (C.  B.)ColUge  Building   ., 

Construction. //h«»h 

3     ^^H 

[/.  P.)  Building  Consiruction 

^5 

—  Makers  Assistant,  Ceurtmy  .. 

3>    ^H 

Alphabcll,  Uilamottt. 

31 

Maker's  Reckoner,  Caurin/y  . 

5a    ^H 

ASDSIISON,  Prospecling       

Boilers,  Treatise  on,  SVi/sm 

4    ^^H 

Animal  Physics.  Lardnir     

64* 

Book-keeping,  AWAn          

ci    ^H 

—  Physiology,  lariiurr     ... 

for  Farmers,  H'noU/aan             45,  51)     ^^H 

Appraisers Asaisianl,  in»Ur       .. 

46 

Book  on  Building,  £'«-J</r    ...          1 

7,  54    ^^H 

Arches  and  Piers,  S/an/ 

S6 

Boot  and  Shoe  Making,  Ltae          37,  5lt     ^^B 

Oblique, //flf/ 

13 

Brakes,  Railway,  .ffo-w/A 

16    ^H 

Architect's  Guide,  A'uxrr; 

t6 

Brass  Founder's  Manual,  Graham.. 

57     ^H 

Architects.  Hints  to,  Wightwiit     .. 

56 

Bread  and  Biscuits,  Wills 

39      ^H 

Archilectural  Modelliog.  Riihai-dson 

56 

Perspective,  FtrgussM  .. 

Brbwer.  Elementary  Engineering  18.  53      ^^1 

Architociure,  Vtlruvitu        

Brewing,  iVrifht        

3S     ^^ 

-CWil.Chamhr. 

z6 

Brick  and  Tilo  Book 

55      ^H 

Design,  CanWf 

56 

Brick-cutting,  .tfomwonrf     

54      ^1 

Grecian,  Earl  ef  AbtrJenr 

57 

Bricklaying, //Jinmoflrf 

54       ^M 

Mechanics  of,  Tom     

Bricks  and  Tiles,  iJrfwH      

35        ■ 

Orders  of,  Z^«//            

S6 

Brickwork,  Walkir 

33        ■ 

Styles  of,  5«r,. 

S6 

Bridges,  .Smi 

'3  H 

Villa,  ifiti,,     

z6 

Cbw/w 

50  ^1 

Arithraetic.  ZTiuUDri 

61 

HMmUr 

>3       ^H 

—  y-'i's    

6t 

PtMdrcd 

50   H 

AxMAK,  Land  Reckoner      

33    ^H 

Aauouii,  Iron  and  Heat      

(T.)  Agricultural  Valuing      .. 

46   ^H 

Power  in  Motion          

Pole  Plantations           

46   ^H 

AilnsT»oNG.  Steam  Boilers.  , 

British  Mining, //»M/           

10   ^M 

Artlsla"  Pigments,  J'/airrfn^ 

36 

Broadbent.  Earthwork  Tables     ... 

'^    ^1 

Asbestos.  yV/w (          

Bhooks,  Dwelling  Houses 

54    ^* 

Astronomy.  Cert       

Brows.  Wood  Engraving    .,,          38,58                  1 

LarJ„er 

BtJCHAN,  Plumbing 3 

.  35 

^am       3 

,62 

^  VenlilattQO        i 

.  55 

Atkihson,  Dynamic  Eleclriciiy     ,,. 

14 

Buck.  Earthwork  Tables    

Electrical  Transfarmation     ... 

4 

Oblique  Bridges 

^M 

Auctioneers,  A,»,-Wj 

,6 

Table  of  Weight  of  Girders   .. 

Tunnel  Shafts 

DADENOCH,  Letter  Painting   „ 
O     Bairo,  Management  of  Health 

58 

Budding  and  Grafting,  Balltt 

^H 

63 

Builders  Price  Book            

^^1 

(T.)  Mechanism            

53 

Building  Act  (London),  iSu,  DanUI 
Civil  and  Ecclesiastical           37 

16     H 

Mensuration      

Knot.Dihm 

^^1 

Statics  and  Dynamics 

l\ 

Construction. /*//.(«     

^^1 

Sieam  Engine ., 

5» 

Design.  lV«,dlty           

^H 

Surveying          

JI 

Estates, -VaUian,/ 

^H 

BaL£,  Machinery  Management 

5» 

Science  of,  Ti™          ...         17 

^^H 

- — -  Pumps  and  Pumping 

7 

BULMAN   and    Redmavnb,  Colliery 

Saw  Mills          

Working      

^^1 

Stone  Working  Machinery     ... 

7 

BoRGESs,  Coach  Building 

^^1 

Wood  Working  Machinery    ... 

BuRGOVfiE,  Blasting 

jr       ^^H 

B*UTET.  An  of  Graltiog     

60 

Borlinson&Simpson;  Iron  Tables 

^^H 

BttLOW.  Strength  of  Materials     ... 

14 

Burn.  Cattle,  Sheep  and  Horses  ... 

59     ^^H 

Ram  Implements.  ii-oW       

5H 

Dairy,  Pigs  and  Poultry 
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